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EDITOR 
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THE Association was organized in Boston, Mass., on June 21, 1882, with the object 
of providing its members with means of social intercourse and for the exchange of 

knowledge pertaining to the construction and management of water works. From an 
original membership of only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of 900 men. Its membership is divided into six classes, viz.: 

A Member shall be an officer or employee of a public or private water works, an engineer, chemist or 
other person qualified to aid or interested in the ad of k ge relative to water works. 

An Honorary Member shall be a person of acknowl dg d ii in some branch of water supply or 
of engineering. 

A Junior shall be not less than eighteen years nor more than twenty-five years of age, a student or 
connected with water supply work. 

_An Associate shall be either a person, firm or corporation engaged in manufacturing or furnishing 
materials or supplies for the construction or maintenance of water works. 


A Corporate Member shall be either a Water Board, Commission, Company or Municipal Corporation. 
The initiation fees and annual dues are as follows: 


Initiation Fees Annual Dues 
Corporate Members ...............- 10.00 Corporate Members ................ 10.00 


This Association has at least eight regular meetings each year, of which five are 
held in Boston, one in northern New England, one in southern New England, and one, 
~ annual convention, held in September on such date as the Executive Committee may 

esignate. 
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LOCK JOINT REP 


10 JOBS SINCE 1920 


AS NORFOLK GROWS so must its water supply 
system. For more than 25 years municipal engi- 
neers have met this City’s continually increasing 
need for water by installing 73 miles of Lock Joint 
Reinforced Concrete Pressure Pipe. Thus, a water 
supply system of sustained high carrying capacity, 
negligible maintenance cost, immense structural 
strength and unfailing service is assured for gen- 
erations. 

Repeat orders from Norfolk and many other Ameri- 
can cities are convincing evidence of the complete 
dependability, high quality and economy of Lock 
Joint Reinforced Concrete Pressure Pipe. 

For future projects, large or small, specify 
Lock Joint Pipe. 


A Hazen-Williams Hydraulic Slide Rule will gladly 
be sent upon request with our compliments. 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 


Pressure Pipe Plant: Wharton, N. J.; Sewer Plant: Kenilworth, N. J. 


BRANCH OFFICES: Denver, Colo. * Chicago, Il. 
Kansas i Mo. Rock Island, Ill. Joplin, Mo. 
Valley Park, Mo. * Cleveland, Ohio * Hartford, Conn. 
Navarre, Ohio 


1943 — (Top photo) Installing 36" pipe 
alongside of old wood stave pipeline 
which it replaces. 


1921-—(Lower photo) Installation of 
Lock Joint pressure pipeline on 
Trestle over Elizabeth River. 
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SCOPE OF SERVICES 


Lock Joint Pipe Company specializes 
in the manufacture and installation 
of Reinforced Concrete Pressure Pipe 
for Water Supply and Distribution 
mains in a wide range of diameters 
as well as Concrete Pipe of all types 
for Sanitary Sewers, Storm Drains, 
Culverts and Subaqueous lines. 
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Commercial, industrial and apartment house services 
are potentially big revenue earners. To get all this 
revenue you need the right type of meter on every job. 
Fitting the proper meter to the setting is an impor- 
tant part of Pittsburgh-Empire service. We alone 
make all types of water meters, thus we can give you 
our recommendations without prejudice and in your 
best interests. To get all the facts on how to collect 
all your revenue, write the nearest District Office. 


PITTSBURGH DISC METER PITTSBURGH EUREKA “6” METER 
LARGE CAPACITY TYPE CURRENT TYPE 
An all-bronze cose meter made in sizes from Sizes 2-in. through 6-in. Measures the veloc- 
1%-in. through 4-in, ity of rapidly flowing volumes of water. 


GH-EMPIRE COMPOUND 
SINGLE REGISTER TYPE 
EMPIRE PISTON METER (Twe Register Arctic-Trepic Compounds alse available) 
TYPE 16 Performs basic functions of both a displace- 
The only oscillating piston woter meter made ment meter and a velocity meter. Sizes 2-in. 


in sizes from 34-in. up. through 6-in. 


TTSBURGH EQUITABLE METER 


Pittsburgh San Francisco Seottle 


Yor the job — RIGHT on the job 
— 
\ 
7 
i 
4 
} 
j 


tries 
ater Indus and Products Transmission 


n in Plants and Yards 


Natural Gas, 

Professional Applicatio 

Distribution Systems 
Reconditioning Ope 
Gathering Systems 
@ Recycling Operations 


rations 


Barrett* Waterworks Enamels are manufactured specifically 
H ipati to fulfill the service requirements of the water industry. 
Materials and Application 
Procedure for nor do they crack in temperatures as low as 20° below zero. 
Moreover, Barrett enamels possess sufficient 
THE WATER INDUSTRIES 
“breathing” of the pipe, and to withstand the weight 
at of the backfill when the pipe is not full of water. 
P When used to line the inside of a pipe, Barrett enamel prevents 
tuberculation, thus enabling the pipe to maintain its 
original capacity. The Hazen-Williams coefficient of flow 
can be increased from 100 to 150 by coating with Barrett 
enamel. Thus, 50% more water can be put through the pipe 
with the same expenditure of horsepower. 
The Barrett organization will be glad to advise 
you on any pipe coating problems. 


THE BARRETT DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N.Y. 


protect 
go Covers Every Pipe- | 
Procedure for: 
I 
= When Barrett enamels are used, no ; 
; loss of bond occurs at the inter-foces f 
*Reg. U. S. Pat. Off. 


Engineering Facts about 
Johns-Manville TRANSITE PRESSURE PIPE 


Resistance to Corrosion 
...an index of long life 


Ability to withstand corro- 
sion is the most important 
single measure of the dura- 
bility or life expectancy of an 
underground water pipe ma- 
terial. Two factors—both 
inherent in the pipe itself— 
contribute to Transite’s ex- 
ceptional ability to resist 


i. y 
resistant materials of whi 
Transite is made. 


2. The specially developed 

ployed exclusively by 

Manville—which imparts a high 
of 


degree chemical stability to 
the finished product. 


In the manufacture of Trans- 


A lead of Transite Pipe about to enter the steam 
curing tanks. This step in the 


Johns-Manville 


ite Pipe, the three basic 
ingredients, asbestos fibres, 


Transite Pipe was first used by this large west 
coast city in 1933. Its exceptional corrosion re- 
sistance—an index of long life—has already made 
it possible for Transite to outlive other pipe several 


is a reg d Johns-Manville 
trade mark for its asbestos-cement pipe. 


contributes substantially to 
pipe—and, 


the corrosion resistance of the finished 
therefore, service life. 


to its long te 
cement, and silica—all basically corrosion- 
resistant by nature—are consolidated under 
tremendous pressure to form a pipe wall of 
dense, uniform, homogeneous structure. 
After forming, the pipe is subjected to a 
special steam curing process. 


It is in this steam curing stage that so 
much is contributed to the stability and 
structural integrity of the pipe. Here under 
the action of pressure steam, Transite as- 
sumes a new chemical identity. The silica 
unites chemically with the free lime ordi- 
narily associated with cement products and 
converts it into highly stable, insoluble 
calcium silicates. As a result, the cured pipe 
is unusually resistant to corrosive attack 
throughout its entire structure. 

This intrinsic resistance to corrosion has 
been substantiated by numerous installa- 
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po Pipe was installed in this Texas city ten 

ago to replace another pipe material that had 
by soil corrosion in 7 The 
Transite mains are still on the job today with a 
long useful life ahead of them. 


tions. Some of these have been exposed to 
highly aggressive soils, both alkaline and 
acid, for many years. Many are now serving 
as replacements for other types of pipe 
materials under conditions so destructive 
that their useful service life had been 
seriously curtailed. 


like thousands of other communities, this Wes? 
selected Transite Pi b 


inia 
i life. Today, 


promised 

after 14 years of service, the first installation of 
Transite has already fulfilled this promise by ovt- 
lasting the pipe material previously used. 


In one such installation, a Transite main 
installed during 1932 in an extremely corro- 
sive soil was recently made the subject of 
careful study to determine its condition. 
Sections of the pipe, including couplings, 
were dug up and shipped to the factory for 
test. There was no evidence of deterioration. 
Pipe and couplings readily withstood the 
original factory test, equivalent to four times 
the normal working pressure of the line. 
Certain types of industrial service pro- 
vide an even more severe “proving ground” 
for the life expectancy of pipe materials, 
and here, too, Transite Pipe has demon- 
strated exceptional corrosion resistance. 
Coal mine service is a typical example. Here 


acid mine waters are frequently so corrosive 
that they have destroyed ordinary pipe 
materials in a matter of a few weeks or 
months. Yet Transite Pipe has handled 
these same waters under working pressure 
up to 150 lbs. for periods from 10 to 15 years 
with little, if any indication of deterioration. 


To evaluate the ability of pipe materials 
to withstand soil corrosion, the National 


Corrosive soil conditions were so severe at this 
location in a prominent New England city that the 
life of the pipe material formerly used was only 
15 years. Transite Pipe, put in as a replacement in 


1934, continues to give the same efficient, 
able service as the day it was installed. 


Bureau of Standards has conducted an ex- 
tensive series of field tests. These studies are 
based on examination of hundreds of pipe 
samples periodically removed from severely 
corrosive soils. In these and similar tests, 
Transite Pipe has consistently demonstrated 
its superior resistance to soil corrosion, con- 
firming the long life expectancy which this 
asbestos-cement pipe has evidenced in thou- 
sands of water works installations. 


service is well d by its 


coal mines, it consistently outlasts ‘other 
pipe materials in carry mine 


been conveying acid mine waters for 15 years. 


For further details about Transite Pressure 
Pipe, write Johns-Manville, Box 290, New 


York 16, N. Y¥. 
JM 
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oppers Birumastic* 70-B ENAMEL gives this pipe a glass-smooth, 

high-gloss interior surface that permits high flow capacity the day it 

is put into the ground. More important, it assures a flow capacity equally 
as high after 10, 20, or more years’ service. ; 

Flow capacity remains high because Koppers Bitumastic Enamel forms 

a barrier against corrosion, rust and tuberculation inside the pipe. The ex- 

terior — of Koppers Bitumastic prevents corrosion from soil and other 


external conditions. 

Koppers Bitumastic Enamels keep water from reaching underlying metal 
surfaces . . . protect against the corrosive action of chemicals . . . have high 
electrical resistance . . . do not deteriorate with age. ; 


* T. M. Reg. U.S. Pat. Off, 


BITUMASTIC enamets 


KOPPERS COMPANY, INC., Dept. 6151, Pittsburgh 19, Pa. 


| Polish with a P 
OUSh Wt GQ rurpose 
When you specify Koppers Bitumastic 70-B Enamel for your lines, you | “a 
know you will get long-term, maintenance-free service. Bitumastic Enamels - 
are manufactured from start to finish in Koppers plants . . . Koppers Con- 
tract Department furnishes special equipment, competent supervision and 
; skilled workmen for the application job. Submit your problems for recom- 
mendations and quotations. 
y N 
| 
KOPPERS|| 
| 


CAMDEN, NEW JERSEY 


“One of America’s Safest Cities” 


THE MATHEWS FIREMEN SAY 


Why do they say Camden is safe? Because it relies on 
Mathews Modernized Hydrants. And where there’s Mathews, 
there’s safety plis. 

Mathews i drants are so simply and soundly designed 
there’s virtually nothing that can go wrong with them. The 
operating nut is shielded from rain, dust and dirt. The main 
valve is true compression-type, opening against the water 

ressure. All the working parts are housed in a removable 
Leseal which can be replaced in a matter of minutes, without 
excavating, if the hydrant happens to be knocked down b 
an out-of-control vehicle. There’s no need for wadheieb 
repairs on a Mathews Hydrant. 

Send for our illustrated booklet. You will see why city 
after city chooses the Mathews Modernized Hydrant as its 
best protection, and why your community should have the 
same advantage. 


OTHER MATHEWS FEATURES: Head can be turned 360° 
Replaceable head, nozzle outlets easily changed + Nozzle levels 
easily raised or lowered without excavating + Protection case 
of “Sand-Spun” cast iron for strength, toughness, elasticity 
¢ Operating thread only part to be oiled » A modern barrel 
makes any Mathews Hydrant good as new 


MATHEWS HYDRANTS 


Made by R. D. WOOD COMPANY 


Public Ledger Building, Independence Square, Philadelphia 5, Pa. 
Manufacturers of ““Sand-Spun” Pipe (centrifugally cast in sand molds) and R. D. Wood Gate Valves 
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IT’S MEANT 
FOR youl! 


This new MUELLER Blue Top Catalog is meant 
to provide engineers and water works men 
with a simple, accurate means of selecting 
their water works brass goods requirements. 
It illustrates the complete Blue Top Line and 
gives full dimensional data on each item. 
You'll find it invaluable for constant reference, 
so if you haven't a copy handy right now, 
don't delay — write for one today. 
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>>> PIPE LINING 
FACTS NO. $ 


The Standard Speci- 
fications for cement-mortar 
protective coatings issued by 
the American Water Works 
Association provide: “Inte- 
rior of the entire line, includ- 
ing both curves and tangents, 
shall be by centrifugal ma- 
chine . . . the machine shall 
apply the mortar by centrif- 
ugal action without the use 
of compressed air and follow 
its application by automatic 
trowelling to a uniform thick- 
ness and smooth finished sur- 
face.” 


The strict adherence to these 
specifications by Centriline 
insures a continuous, dense, 
smooth lining—applied with- 
out rebound—that means re- 
stored carrying capacity per- 
petually sustained and longer 


life t ins. If pipeli 
consider Centrilining. Our 144 CEDAR STREET e NEW YORK 6, N.Y. 


engineers stand ready to as- 
sist you. 


>> D> b> WRITE TODAY CEMENT MORTAR LININGS FOR WATER MAINS 
FOR THE NEW Centrifugally Applied in Strict Conformity 
CENTRILINE CATALOG with A. W. W.A. Specifications 
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ave not purchased 


any other than Badger 


~~ 


meters since 1924” 


This is what the Service Manager 
of one city’s Gas & Water De- You will find a Badger Meter size 


a and type for every waterworks serv- 
pectment wrote to anther city: ice, 
“These meters have given such ex- (for warm climates), and Model Bo 
cellent service, and the repair cost A-SOT (for cold climates)... 
is so low, that we have not pur- sizes {" to 114" « . « other sizes 
any type up to 12". Write for complete 


information and prices. 


since 1924. It is a pleasure to rec- 
ommend Badger Meters to you”. 


In over 5000 communities, water- 
works men know that “It pays to 
BUY BADGER”. 


Every waterworks superintendent should 
bave the NEW BADGER CHART No. 689 
(Practical Plan for Meter Storage Rack.) 
WRITE today for this chart... no charge. 


BADGER METER MFG. CO. 


Milwaukee 10, Wisconsin 


BRANCH OFFICES: 
New York City © Philadelphia © Worcester, 
Mass. © Savannah, Ga. © Cincinnati © Chicago 
3 Kansas City, Mo. © Waco, Texas 
Salt Lake City, Uteh © Portland, 
Ore. @ Seattle, Wash. © Los Angeles 
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NDALAY TO MANHATTAN 
TO TIMBUKTU... 


%Proportioneers% Heavy Duty Midget Chem-O-Feeder — “The Little 


Red Pump” — is known and trusted in every corner of the world. To the 
Chinaman, African, and American alike it means safe, pure water. It 
handles the all-important jobs of water sterilization, taste and odor 
control, water softening, and dozens of other water treating applications. 
Because of its extremely simple, rugged construction, the Little Red. 
Pump can be safely operated by almost anyone. It treats from a few 
gallons to a million gallons of water a day and feeds chemicals up to 


7% g.p.h. against pressures to 85 
p.s.i. The chemical being fed { FEEDS . . . 


shows plainly in the “See-Thru” Hypochlorite Solution 
plastic head and the action of the | Hexametaphosphate 
valves and diaphragm is clearly | Alum Solution’ 

visible. Over 27,000 %Propor- | Ferric Chloride 


tioneers% units right now are Sodium Fluoride 


making this a healthier, better] ond other water treating 
world to live in. {chemicals ee 
Write for Bulletin HDM-2 


PROVIDENCE 1, R. 
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CUTTING THE MAIN. Illustration shows cutting dome, tem- 
porary shut-off valve and permanent valve body in place. 


At a large Eastern steel mill uninterrupted production depended 
upon a thirty year old, 48” cast iron main, carrying sea water 
used for cooling the furnace jackets. The main was in poor con- 
dition — badly corroded and electrolytically pitted. 

In order to provide an emergency by-pass in the event of line 
failure, a gate valve was required. Since the mill could not risk 
even a momentary shut down, Smith was asked to insert the valve 
under pressure. Although of unprecedented size, the insertion 
was completed in four days without interruption of service or 
reduction in pressure. 


*First 48” insertion ever made under pressure. One month later a second 
48” gate valve was inserted by Smith for the Water Bureau, Philadelphia, Pa 


EAST NEW JERSE! 
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New England Water Works Association 


ORGANIZED 1882 


Vor. LXIII JuNeE, 1949 No. 2 


This Association, as @ body, is not responsible for the 


of any of its members 


MODERN DIESEL PRACTICE FOR WATER-WORKS PLANTS 
BY DAVID L. GALLAGHER* 


[Read September 15, 1948.) 


TWENTY-FIVE years ago the use of Diesel engines was a new 
application, a new era in water-works practice. Diesel engines were 
used to drive reciprocating pumps as well as centrifugal pumps. It 
would probably be more correct to say centrifugal as well as recipro- 
cating, for in 1923 most water-works pumping was done by recipro- 
cating pumps. 

Today, 25 years later, the Diesel engine is used to drive cen- 
rifugal pumps and generators. Since most water works in the New 
England area have low-price electricity available, Diesel-engine-driven 
pumps usually are installed as standby units, but this does not 
detract from the fact that the Diesel engine has proven to be a 
thoroughly dependable, continuous-duty driver, as well as a most 
economical one. Its outstanding additional advantage is its ability 
to be put into service in a matter of minutes, in the event of an 
emergency. We need only to mention in passing the large number of 
Diesel engines used in the marine and locomotive fields, as well as 
those generating power in rural electrification areas, as evidence of 
their dependability. 

Stationary-type Diesel engines usually operate at considerably 
slower speed than the centrifugal pumps which they drive and, in these 
cases, a speed increaser is used, to obtain the pump speed desired. 
Gear sets are used not only for horizontal pumps but they are also 
available in the right-angle type, for use with vertical pumps. 

A Diesel-engine-driven centrifugal pump has an inherent ad- 


*Public Works Division, Worthing Pump & Machinery Corp., Harrison, N. J. 
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vantage in the ease with which variable-speed operation may be 
obtained. A simple adjustment, manual or automatic, controlling the 
amount of fuel oil injected, permits sufficient change in the pump 
speed to provide for varying system demands. 

To illustrate most clearly the modern trend in water-works pump- 
ing, let us trace the history of one of your own plants—namely, that 
of the city of Fall River, Mass. Their source of water is the same 
now as when they started in 1874—74 years ago—the North Watuppa 
Pond, which provides a storage capacity of 7% billion gallons. The 
quality of the water is excellent, only a small amount of chlorine being 
required for treatment. 

Fall River has no high-level storage reservoir and therefore has 
installed a number of large-capacity storage tanks in various parts 
of the city. Two tanks of 1 1/3 mil gal capacity each are located 
on a hill close by the pumping station; three other tanks, each of 
1 2/3 mil gal capacity, are located around the outskirts of the city. 
This gives a storage capacity of more than 7% mil gal today. 

The first unit was installed in 1875. This was a Worthington, 
5-mgd, steam-engineé-driven reciprocating pump. From time to time 
other steam-engine-driven units were installed. In 1916, Fall River 
installed its first electric-motor-driven centrifugal pump—an 8-mgd, 
350-hp, squirrel-cage motor-driven unit. Since 1916 steam has been 
only a secondary source of power. 

In 1928 and 1945 additional motor-driven units were installed. 
In both cases they were Worthington, 18-LA-3, 12-mgd, 500-hp syn- 
chronous-motor-driven pumps. The original 8-mgd motor-driven 
pump, installed in 1916, has been removed and the two 12-mgd units 
carry the load, now averaging 9 mgd. 

For standby service there were two steam-engine-driven pumps: 
one a 10-mgd, horizontal, triple-expansion, condensing, steam-engine- 
driven duplex pump, installed in 1910; the other a 6-mgd unit. 

In recent years, the city of Fall River appreciated the fact that 
its steam plant was obsolete and that it was expensive to operate, 
particularly when boilers had to be maintained in service 24 hours 
a day, year after year, even though the steam pumps themselves were 
seldom required but they had to be ready for any emergency. Con- 
sequently, they made a very complete study of their whole pumping 
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problem, employing the services of Creer, Kent, Mather, Cruise & 
Aldrich, engineers from Providence, R. I. The Fall River Water 
Superintendent, John Moran, represented the city in the negotiations. 
Mr. Moran has recently retired, after 38 years of faithful service as 
superintendent, and the job is being carried through to completion 
by the new incumbent, Maurice Daly, who for many yours was assis- 
tant to Mr. Moran. 

When it was definitely decided that the steam pumps were to 
be replaced, every conceivable type of driver was given thorough 
consideration. Although the Fall River Electric Co. has provided 
very reliable service, it was felt that a second source of power was 
needed, not only for adequate assurance of standby service, but it 
should be of such design and type that it could be utilized for con- 
tinuous operation, should the city of Fall River ever decide to change 
from purchased electric power. Steam-turbine-driven centrifugal 
pumps, with steam supplied from a reconditioned boiler plant, were 
considered but found to be too expensive from the standpoint of 
operating cost. Gasoline-engine-driven centrifugal pumps proved to 
be attractive from the standpoint of first cost but were limited to 
standby duty only. Likewise, high-speed Diesel-engine-driven cen- 
trifugal pumps were investigated. They were fairly attractive from 
a cost standpoint, but here again their use was limited to stand- 
by service. After a thorough engineering study was made of all types 
-of drivers, a slow-speed Diesel-engine-driven centrifugal pump was 
finally selected and purchased, because it not only offered reliable 
standby service but could also be operated continuously at a low 
pumping cost. 

This is a 12-mgd unit, consisting of a Worthington, model DD7, 
4-cycle, 7-cylinder, 1314-in. bore by 17'%-in. stroke, Diesel engine, 
rated 615 brake horsepower at 360 rpm, driving through a Farrel- 
Birmingham gear set a Worthington, model 18-LC-3, single-stage, 
double-suction centrifugal pump. On the engine, the brake mean 
effective pressure is 80 lb, and the piston speed 1,050 ft per min. This 
is the standard rating for continuous heavy-duty service and thus 
provides for the possible future requirement of continuous operation. 

Besides the regular domestic water-supply system covered by 
our discussion, the Fall River Water Department also maintains a 
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pumping station with a 20-mgd capacity and approximately 4% 
miles of 42-in. water main, for supplying water from a separate pond 
in the adjoining town of Dartmouth to what is known as South Pond 
in Fall River. 

The water in this South Pond is used by a number of manu- 
facturing concerns for industrial purposes only. The Fall River 
Water Department receives no revenue for services furnished by this 
20-mgd-capacity pumping station, but is performing this service be- 
cause it wants to conserve the domestic water supply in North Watup- 
pa Pond. The Water Department considered this additional service 
necessary and installed it in 1948, due to the fact that it is required 
by law to spill water from North Watuppa Pond over into South Pond, 
should the water level in the latter drop below a certain level. 

We mention this point to emphasize the degree to which reliability 
is stressed in the Fall River Water Department and, at the same time, 
efficiency is maintained at a sufficiently high level to show a large 
profit year after year. 

The Fall River Water Department is practically 100% metered. 
At its very beginning in 1875, there were 660 different services on 
the system, 80 of which were metered. Today there are close to 
14,000 services and, for all practical intents and purposes, the system 
has been 100% metered for the last 20 years. Fall River, like many 
water departments, realized many years ago that meters meant addi- 
tional] revenue for the department. They have always been progres- 
sive and made the matter of the reliability of the system their first 
concern, as is well known by all who have visited them and observed 
their facilities. 

However, the department has always operated under a very fine 
business policy, as a result of which it has shown a profit averaging 
better than $100,000 per year for the last 30 years or so. These 
profits have made it possible for the department to maintain a very 
substantial cash surplus and, at the same time, turn over a con- 
siderable amount of money to assist in maintaining other facilities in 
the city outside of the Water Department. 

Undoubtedly contributing greatly to the success of the Fall River 
Water Department has been the fact that the various mayors over 
the years have appointed outstanding citizens, who have served with- 
out pay, as Water Commissioners. 
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DISCUSSION 


LINN H. ENnstow (New York, N. Y.). I should like to put Mr. 
Kane “on the spot.” He is general manager of the Columbia Water 
Co. at Columbia, Pa., and he has a very interesting story—I know 
that. 

THEODORE KANE (Columbia, Pa.). About 15 years ago I gave 
a paper on Diesel engines in water works at the State College, Penn- 
sylvania. I didn’t know what I was writing at that time. How in 
the world I ever got the paper across I will never tell you. Even 
today, 15 years later, I am by no means an authority on Diesel 
engines in water works. But I did do this for my own satisfaction: 
I made a comparative cost sheet of Diesel versus electric power. 
I did that because just recently we had trouble with one of our Diesel 
engines. The block split and we had other trouble, and we thought 
probably we would replace with power. The figures that I worked 
up and presented to our board of directors were rather startling 
to them. 

I showed that, in the 15 years of operating Diesel engines, we 
made a saving for the company of roughly $27,000, as against power. 
Now, Mr. Gallagher, of course you will like the statement I just made, 
but I am going to make some other statements which you may not 
like quite as well. With all these savings, if we were to replace our 
plant completely, I question whether we would use Diesel engines. 
I think that you will find, with proposals today, in considering power 
against Diesel, that it is pretty close—that you do not make too much 
of a saving. When we first put the Diesel engines in, fuel oil was 
selling at 4 cents a gallon. Today it costs about 10.65 cents a gallon, 
so that you will see how the cost has gone up. 

In regard to maintenance, I figure that, on the average over the 
15 years, it would cost about $530 a year for maintenance on a Diesel 
engine, whereas with power there would be, on an average, only a 
little better than $100 of maintenance per year. In those figures I 
include the labor involved in repairing. 

Now, there is a lot of trouble with Diesel engines. You can’t put 
a Diesel engine in your plant and let it run, run, run; it just does not 
work that way. Every hour, we check our exhaust temperatures 
and our own card readings. We know whether the engine is firing 
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early or late. We have a lot of maintenance on our Diesel engines. 
We want them right; in fact, we have to have them right. 

One feature of Diesels is that, of course, when they are not 
operating there is absolutely no cost. If we put in a power standby, 
there would be a terrific standby charge, and that we could not afford 
to do. Therefore, we had to repair and had to install a brand new 
Diesel engine in the plant. Consequently, we have two of them. 
Of course we shall continue, probably, for the next 10 or 12 years 
with Diesel engines. I don’t know what is going to happen to us with 
this rise in fuel-oil costs, because our maintenance cost has gone up, 
as well as our labor cost, etc. 

Of course there is one distinction. If someone is putting in a 
Diesel engine, he will save labor. Then you have another story in 
favor of power, because, when you put power in, you do not have 
to have someone watching it all the time. In our case, however, the 
labor would be the same, because our pumping is right in our filtration 
plant. 

I have shown that operating costs were about $2.23 per thousand 
gallons with Diesel, as against about $2.93 on power, which gave me 
my saving. In other words, the cost of fuel for Diesels is about 37 
cents per hour, as against a kilowatt-hour of about $1.12. But that fig- 
ure of 37 cents per hour would probably double when fuel oil doubles. 
Consequently, if I make another comparative cost setup in the next 
few years, I may find that we shall not save the $1,800 per year, if 
that is what the actual saving is in the 15 years. The saving may 
be cut way down; in fact, the cost may even up. I don’t know. 
But I know that in the next few years I am going to make another 
study. 

That is all I have to say this morning. Thank you very much. 

Donatp C. CaLDERWoop (Nashua, N. H.). Thank you very 
much, Mr. Kane. I was very much interested to hear those remarks, 
because they practically are parallel to our own experience in Nashua. 
Back in 1934 we put in a Diesel plant, which many of you have 
visited. Just a few weeks after it was installed, the president of my 
company gave a talk before the Association and told about it. 

We have a water-power development that furnishes us with 
approximately 65 to 70% of our annual power requirements. The 
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balance is made up at the present time by a Diesel. After going 
through the past years when we had an extended dry spell in New 
England, we found that our water power was depleted and that the 
Diesel was our chief source of pumping. We felt that we should at 
least have another Diesel or some other means of pumping water 
—-sort of an extra string to our fiddle, as it were. The old steam plant 
that this Diesel replaced was the second string on the fiddle. It was 
more or less antiquated, had not been run for several years, and we 
knew it was of no further value. 

When we first put in the Diesel, the entire Diesel plant cost us 
approximately $20,000—a 250-hp Diesel with all fixings, all installed 
and ready to go. The only things we had to furnish were the founda- 
tions and the buildings. The fuel oil that we purchased at that time cost 
us 4% cents a gallon; lubricating oil was about 40 cents a gallon, and 
other costs were comparable. The last oil we bought was 10.6 cents. 
Lubricating oil has gone up—not in the same proportion but it has 
gone up somewhat. Repairing and maintenance costs have gone up 
considerably. We figure that today it would cost us approximately 
$65,000 to put in a good Diesel plant. 

For our new installation we have on order with the Worthington 
Pump & Machinery Corp., at this moment, two electrically-driven 
pumps. The power rate is quite favorable, and we were able to work 
out a scheme with the local power company whereby, for an annual 
guaranty which we feel we can use up very easily in power, the 
demand charge will be absorbed by the power used. We feel that we 
can install the complete electrically-driven plant for about $25,000, 
which would include the connections and everything that goes along 
with it. On that basis, when you consider the overhead and annual 
carrying cost, it far overbalances any small fuel or power savings you 
would get in having a Diesel plant. We still have our original Diesel 
and we like it. We think it is a good source of power. It is one of 
those cases where, when a change of economy takes place, we can 
change from one source of power to another. Also, there are many 
factors which enter into the picture, such as reliability and the con- 
tinuity of the service that a water utility has to give to its customers. 

Are there any further comments to be made on the paper? 

Mr. Enstow. I should like to ask this: Do you think that the 
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fact that you had a good Diesel operating and could buy another one, 
and so on, had anything to do with this favorable power rate that 
you have reported? That is to say, what influence do you think 
that the Diesel availability—Diesel “go-ability’—had on this power 
rate that you have received? 

Mr. CALpERWoop. I don’t know that the Diesel had too much 
to do with the actual power rate. In fact, it is not really a speciai 
power rate that they have given us, but it is taking advantage of 
certain conditions in the regulations and the rate as published for 
anyone, which are not usually invoked or used—let me put it that 
way. It is a special way of figuring the rate, where you have a power 
of your own that is available. There is no question but what there 
is a willingness on the part of most power companies to sharpen their 
pencils, if they figure they are up against some competition. 

In our particular case, we are putting in two electrically-driven 
units, which will give us more flexibility. Except for possibly ten 
days in the year, one electric unit, operating on a 24-hour schedule, 
would supply the needs of the city. I believe the whole problem is 
one that has to be determined on individual merits and conditions, 
rather than by any general formula that allows you to say, “Well, you 
may do this or do that.” 

H. H. Potter (Augusta, Me.). I had hoped somebody would ask, 
or state, about what the cost per kilowatt-hour for electricity would 
have to be, before the Diesel plant would be more expensive. 

Mr. CALpERwoop. Possibly Mr. Gallagher can give us some 
figures on that basis. 

Mr. GALLAGHER. I am fortunate this morning in having Mr. 
Boehm of our company with us. He wants to make some comments 
on Mr. Calderwood’s remarks and he will also answer that question. 

A. M. BoreHM (New York, N. Y.). This matter of fuel-oil costs 
has us concerned as well as you gentlemen. The problems of 
any company that is engaged in selling Diesel engines increase as the 
fuel-oil costs go up. 

I was very much interested in Mr. Kane’s statement, because 
it reflects pretty much what we hear all around the country. It is 
becoming more and more difficult to justify a Diesel generating unit 
as against purchased electricity. But as against that you have rather 
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an opposite story, where every Diesel-engine builder was never busier 
in his life than he is right now. Where they are going is a matter of 
competition with electric rates. 

The fuel-oil cost, while it is an important matter, is not the only 
offender in that regard, I might say. The cost of purchased electricity 
might also be mentioned. I should like to make the point that the 
purchased electric rates that you find in the schedules may not neces- 
sarily be firm rates, because, in the fine print of almost every pur- 
chased electric rate—in the contract—you will find a coal clause, 
where the rate that you are charged is on a sliding scale, depending 
on the cost of fuel to the power company, to make the kilowatt- 
hours that they expect to make from their steam plants. We have 
had instances where that has accounted for a very considerable in- 
crease in the overall rate. Yet the basic rate printed in the schedule 
remains the same. 

With fuel oil at, say, 14 cents a gallon, which some parts of the 
country are paying, results can be obtained with a so-called super- 
charged Diesel, where not only the rate at full load is low but the 
average consumption over a wide range of loads remains almost con- 
stant. In that type of engine you will easily turn out 14 kwh to the 
gallon. For fuel oil it becomes a matter of dividing the cost per 
gallon by 14 kwh. If you are paying 14 cents per gallon, it means 
that the average cost is only one cent; at 11 cents, which you are 
paying, it is 11/14 cent. In other words, it is 3% to 1 cent per kilo- 
watt-hour. With lubricating oil, maintenance, labor and fixed charges, 
you are lucky to get out under 134 cents per kilowatt-hour. 

A Memser. I do not pretend to be an expert on Diesel fuels, 
but I have heard occasionally of some operators using a crude form 
of oil, filtering it themselves and getting their oil at a much lower 
cost. I wonder if that is a factor that anyone could throw some light 
on for general practice. 

Mr. BoEHM. Our experience in that regard has been that there 
is possibly a maximum saving of 3 or 4 cents a gallon, but it involves 
additional equipment and additional first cost. The engine can take 
it all right, provided you do certain things to it ahead of time, know- 
ing that you have to burn this heavy oil. You have to centrifuge 
it and you have to heat it, so that you maintain viscosities which are 
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comparable, say, to your No. 2 or No. 3 fuel oil. Usually the heavier 
oils have a higher sulphur content, and your fuel pumps and spray 
valves have to be of special stainless-steel material. But it can be 
done. We have an order now for 42 engines for the Trans-Arabian 
pipe line, where they are going to burn the crude right out of the 
line, as it comes from the field. There will be six stations along the 
line, and they will tap into the crude line and use this oil in the 
engines. Thus it can be done, if you are willing to pay a little more 
in first cost and if your operators are willing to put a little more time 
in on it, because the centrifuging requires cleaning. It is usually dirty. 

THE MEMBER. That is a purchase price of 3 or 4 cents a gallon, 
against 10 cents? 

Mr. Boerum. That is right. 

Mr. CALDERWooD. Of course, there is the availability factor 
which wants to be considered. Up here in New England, where most 
of us come from, this No. 2 household fuel, or even in some places 
the Diesel fuel, is readily available. For the most part, the dealers 
and distributors do not have this heavier fuel on hand. It would take 
special arrangements to get that and you would probably have to 
use very large quantities of it, in order to have the saving amount 
to very much. 

Paut F. Howarp (Boston, Mass.). I should like to point out 
that in purchasing fuel oils one should be careful to take into con- 
sideration their weight. In connection with the plant at Burlington, Vt., 
we received bids for furnishing Diesel oils and found about a 10% 
variation in their weight. It so happened that one of the highest 
bidders was actually the lowest bidder on a gallon basis. But when 
you took into account the weight of it and the power you would get 
out of that oil, it was one of the higher bidders that had the best 
proposition for the city. 

That plant at Burlington is interesting in several respects, along 
the lines that have been discussed. One is that the city of Burlington 
has two power stations—that is, one is owned by a private power 
company and one is owned by the city—and the poles are on differ- 
ent sides of the street. You can subscribe to either city-owned power 
or privately-owned power and, when you get mad, you shift over 
and shift back, but it averages up about the same. 
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Now, the Burlington Water Department put in a Diesel engine— 
as I recall it, a 285-hp engine—really at the request of the city-owned 
light department, known as the Power Department. The latter de- 
partment said, “Look here, if you get off our lines—we sell it to 
you at the wholesale rate—we can use the same capacity, sell at retail 
and make some money for the city.” Therefore, the water department 
did put in a plant and it actually paid off the investment in about 
four years. 

The situation there is rather interesting. Burlington gets its 
water from Lake Champlain and it is filtered. It goes from the main- 
line pumps from the clear well into the distribution system. There 
is one other saving which Burlington makes. They use the exhaust 
heat for preheating the return water through the heating plant. They 
have one central heating plant, that heats the filter plant, the garage, 
the pump room, the work shop and the storage room. They run the 
Diesel engine in the wintertime perhaps 20 to 22 hours a day and 
use the exhaust to preheat the water, with the result that their sav- 
ing last winter was 20 to 25% of their fuel bill, due to the recovered 
heat from the exhaust. 

Mr. Boeum. I should like to interject one other thought. In 
Midland, Mich., they have done something that I have never heard 
of before or since. In addition to utilizing the heat of both the 
jacket water and the exhaust, they then bubble the exhaust gas 
through the city water supply, to break up the CO, content. 

Mr. CALDERWOOD. This is the first time I ever heard of a Diesel 
as a chemical treatment plant. 

Horace L. Crark (Sanford, Me.). I should like to ask Mr. 
Gallagher to say something about engine speeds that he recommends 
these days for water-works plants. I know they vary all the way from 
320 up to 1,200 or so. 

Mr. GALLAGHER. Why, 360 was the one they were putting 
in at Fall River. Around 450. I shall let Al Boehm go a little farther 
on that. 

Mr. BoreHM. We are pretty much of a slow-speed outfit, as far 
as Diesels are concerned. The highest-speed engine we build now is 
600 rpm. We are firmly convinced that, where you want to run the 
engine continuously day in and day out, it is still pretty good sense 
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to stick to speeds around—I am not referring to revolutions per min- 
ute but piston speeds—certainly not more than 1,200 ft a minute. We 
have built engines up as far as 1,400 ft a minute, 600 rpm. That is our 
story. If you talk to some other engine builders, you will get an 
entirely different story, because they may have engines that go up to 
1,200 rpm. 


CLARENCE L. AHLGREN. 


DIESEL PUMPING UNIT FOR MANCHESTER WATER 
WORKS 


BY CLARENCE L. AHLGREN* 
[Read November 18, 1948.] 


DIEsEL drive for pumping is receiving more attention in New 
England. This matter of increased interest brings up the question 
of “why”, which rapidly takes on the aspects of a major survey. 
However, we can examine the reasons for the Manchester installation, 
which was completed early in January, 1948. For this examination 
we need a word picture of the general development of the pumping 
plants there. 

Manchester straddles the Merrimack River about 20 miles north 
of the Massachusetts state line. Generally, it spreads out flat near 
the river banks and to the southeast and southwest, and rises in 
elevation to the northeast and northwest. ‘Its development was the 
normal of most cities—the industries crowded the river bank, while 
the people built their homes on the lower elevations, until the more 
enterprising, who wanted a view of the city, pushed to the height 
of the land. 

Around 1870 a demand was made for a municipal water supply. 
It was natural for the engineers who were retained to turn to Lake 
Massabesic, which lies roughly parallel to the Merrimack River and 
3% miles east of it. Here was a body of water with a capacity of 
15 billion gallons, which had a surface area of 4 sq mi and a water- 
shed of 40 sq mi. There should be enough water for consumption 
and enough to generate power to pump it. At the outlet of the lake 
the engineers built a station to do just that, a water-wheel being 
direct-connected to a pump. An 18-mil gal reservoir was built on a 
rise in the land between the pumping station and the river, and the 
distribution system laid out. The “industry” along the river—the 
great Amoskeag Manufacturing Co.—used only a very little Massa- 
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besic water, mainly for drinking. The great bulk of their use—for 
fire protection, for process water, for waste disposal, etc—came from 
their own 11-mil gal river-water reservoir, which was built half-way 
up the northeast hill. This use of river water was an important 
factor in the volume of municipal consumption then and was to be- 
come an important factor again just before World War II. 

By 1893 the push of the population toward the higher northeast 
section of the city was sufficient to warrant a reservoir at a higher 
elevation than the original one. The engineers decided that a second 
pumping station on the lake, as far north from the outlet as per- 
missible, should be built to supply this reservoir, which for some rea- 
son was held to a capacity of 4 mil gal. Thus, a second system, inde- 
pendent of the original and higher in pressure, was established. The 
independence included power for pumping. As it was decided to use 
steam, a boiler room and pump room were constructed, to house two 
3-mgd horizontal-acting steam pumps. 

By 1900 consumption on this system had increased sufficiently to 
require a 6-mgd unit. An addition to the station was built and a 
Snow-Holly, triple-expansion, vertical steam pump was installed. 

Thus Manchester had two pumping stations with prime sources 
of power directly connected to pumps. However, they also had dry 
years then. Around 1910, a dry year indicated that an additional 
source of power was necessary at the low-pressure station and, con- 
sequently, motor-driven centrifugal pumps came into the picture. A 
6-mgd unit was purchased and installed, and a power line was run 
to the station by the Public Service Co. The installation was a suc- 
cess. The unit was simple to operate and required a minimum of 
floor space and manpower. By 1915 it was decided to replace the 
direct-drive water-wheel pump with a water-wheel turning a generator. 
This would furnish power to motor-driven units at the low-pressure 
station and, with a power line, to any units that might be installed 
at the high-pressure station. Along with the generator a second, 
motor-driven, 8-mgd centrifugal pump was installed. 

The idea of having two sources of power available, as well as the 
simplicity of motor-driven units, was here to stay. In 1917 the origi- 
nal steam units at the high-pressure station were replaced by two 
motor-driven units, one 5-mgd and one 3-mgd. The larger of these 
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was limited in size by the capacity of the generator at the low-pressure 
station. In addition a 1,000-kw steam turbo-generator was installed. 
The only justification that we can figure for this unit was that it 
perhaps kept purchased power rates in line. The Snow-Holly triple- 
expansion unit remained as an important unit for summer pumping. 

Then, from 1917 to 1933 no major changes were made at either 
the high-pressure or the low-pressure station. During that time 
numerous proposals were considered for improving steam-generating 
conditions and for installing Diesel drive in place of the steam. How- 
ever, since the capacity of the units and the flexibility of operation 
were sufficient to meet all conditions of consumption, the proposals 
were not favored. 

In 1933 Percy A. Shaw was appointed Superintendent and 
Engineer. His first job was to make a survey of the plant he was 
to direct. The survey revealed the following and indicated the plan 
of attack: 

1. Consumption in Manchester had not increased during the 
past 15 years. The potential increase appeared to be within the 
capacity of the pumping plants. 

2. Water for power was being used about 50% of the year. 
There were many possibilities of improving the efficiency of this use. 

3. The 4-mil gal capacity of the high-pressure reservoir was 
dangerously out of line. A 17-mil gal unit was constructed in 1934 to 
correct this. 

4. The water-wheel driving the generator at the low-pressure 
station could be rebuilt, to increase the efficiency about 15%. This 
was done in 1936. A double horizontal wheel with individual gates 
was installed. One wheel generates enough power for operating the 
largest pump at the low-pressure station. Two wheels generate enough 
power for operating the largest pump at the high-pressure station. 
This limit of capacity at the latter station was to influence our choice 
for a Diesel drive in 1946. 

5. The efficiency of the pumps and piping in the low-pressure 
station could be improved. In 1937 a new 8-mgd pump and improved 
hydraulic design of piping gave us a saving of 15% on our power 
bill. 

6. Spring floods were sending valuable water power over the 
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lake outlet spillway each spring. In 1938 a 1.3-billion gallon storage 
reservoir at Tower Hill, one of the main tributaries, was constructed to 
conserve this spring waste and to improve quality. This reservoir is 
filled each spring and emptied in the fall. It may be used for con- 
sumption during dry years or for power during wet years. 


7. The efficiency of the centrifugal pumps and piping at the 

high-pressure station could be greatly improved. The 1,000-kw steam 
turbo-generator lacked boiler capacity and efficiency. In 1940 the 
1,000-kw unit was sold. A new, 7-mgd single-stage pump was in- 
stalled, with vastly improved piping hydraulics. The increase in 
efficiency allowed us to gain in capacity from 5 to 7 mgd and yet keep 
within the limits of the generator at the low-pressure station. 

8. High-pressure water could be let into the low-pressure sys- 
tem, but to get low-pressure water into the high-pressure system re- 
quired a booster station. Such a station was constructed in 1941. 
The idea was stimulated by the pending participation in World War II. 

9. The high-pressure system was the key system, since its 
supply could be used in both systems. Therefore, its standby unit 
should have capacity and reliability. By 1942 the Snow-Holly unit 
and the steam-generating boilers were 40 years old, required a large 
crew of trained men, and lacked capacity. However, World War II 
had engulfed us before details were worked out for its replacement. 
For four years the planning for this operation smoldered along. By 
1946 it flamed out, along with the rush of post-war planning. 

Thus, when studies were resumed in 1946 on how to strengthen 


the independence of the high-pressure pumping plant, the facts lined 
up as follows: 


1. Consumption. Here is what happened to the hitherto static 
consumption pattern from 1934 to 1946. In 1934 the daily average 
for Manchester was 5.25 mgd. By 1938 it was down to 5.08 mgd. 
A war on waste and a program for improved meter repairing and 
metering had lowered slightly a static daily average. Then things 
began to happen. 

The great mill properties of the Amoskeag Manufacturing Co. 
were being sold off individually. No concern wanted to operate the 
river-water system. The proposal was made and carried that it be 
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turned over to the Manchester Water Works. Since the Department 
was not in the river-water business, it was decided to abandon the 
reservoir and the mains were prepared for Massabesic water. The 
daily average consumption rose to 6.2 mg in 1939—an increase of 
1.2 mgd. In 1941 Grenier Field Airbase requested water. This 
service, plus increased industrial use, added another mgd to the aver- 
age. By the end of 1944 the average was up to 7.53 mgd, with peaks 
of 12 mgd in the summer months. Potential increases were: 

(a) Some industrial use; 

(b) An unknown quantity of air-conditioning use. 


It is interesting to note here that increased domestic consumption was 


not considered too great a factor, but with a huge building program, 
higher wages and freer spending, there has been a notable increase. 


Pumping Plants. 


The pumping plants were adequate for prevailing daily average con- 
sumption, with the exception of the weak stand-by condition at the high- 
pressure station. 

There was room for increased average consumption. 

Summer peak loads might exceed in the near future 24-hour operation 
of the largest electric unit at each station. When this became a reality, 


a larger electric unit might be installed at the high-pressure station. 
We pointed out that at present the size there is limited by the water- 
wheel capacity. If a larger electric unit were installed, water power 
would then be limited to use at the low-pressure station. 

When the daily consumption average exceeded 7.5 mgd, purchased 
power must at all times be used to supplement our own water power. 
Since we establish our demand charge for purchased power each month, 
this would mean a high cost for a small power use. 


Capacity of pumping mains, intake and Venturi meter must be con- 
sidered. 


Available space in the Snow steam-pump room was a factor. 


Hydrology of Our Watershed. Lake Massabesic is a one- 
year-storage proposition. Each year it must be used to capacity, to 
provide storage for the next spring run-off. This means that power 
will be available for motor-driven centrifugal units for some time. 

It was evident from the facts that we needed a stand-by unit to: 


1. Supply peak demands in the summer; 
2. Put off into the future as far as possible the time when a larger motor- 
driven unit would have to be installed at the high-pressure station; 
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3. Be used once each week now and in increasing amount in the future, to 
supplement water power and thus keep purchased-power demand charges 
to a minimum. 


When all the facts were charted and properly balanced, they in- 
dicated a direct-drive Diesel pumping unit. 


SPECIFICATIONS AND INSTALLATION PLANS 


Work on the specifications was begun immediately. In May of 
1946 bids were called. A careful study of the bids resulted in the 
selection of a 960-hp, Fairbanks-Morse, opposed-piston, model 38 D, 
814, 720-rpm Diesel, direct-connected to two single-stage pumps in 
series, having a 12-mgd capacity. Delivery was to be the following 
year. Work on installation plans was begun. The following points 
were developed from the specifications. (In order to save listing 
the same points again, we shall make operational comments on them 
as they are taken up.) 


1. Intake Air. Intake air is drawn through flat, cell-type filter 
frames, set vertically in a brick filter-house, outside of the pump room. 
An intake silencer is mounted on top of the filter house. Before 
raising the intake pipes into place, they were thoroughly cleaned of 
mill scale on the inside and painted with a rust-inhibiting paint. 


2. Exhaust. Exhaust is through a side-inlet Maxim Spark 
Arrestor-Silencer, mounted on the filter house. We have found the 
Spark Arrestor also keeps small particles of carbon from being blown 
out upon our grounds. After installation and trial runs, we found it 
necessary to add another wave trap close to our engine, because of 
the 35-foot-long exhaust line. The line is designed to keep all ex- 
pansion strain off the engine. 


3. Fuel System. Our 10,000-gal storage tank is 400 ft from 
the Diesel room, back out of sight from the building, on a rise in 
the land. Fuel flows by gravity through a 2-inch pipe down to the 
building, inside, through a meter, and outside again to a 300-gal 
day tank in a concrete pit. From there it is picked up by the Diesel 
fuel pump and pushed through a Nugent filter to the Fairbanks in- 
jection pumps. An inspection of the tanks last month revealed no 
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sludge or water to date. The Nugent fuel filter does pick up a slime 
deposit slowly. During the first 500 hours of operation, nozzle stick- 
ing was encountered. For the next 500 hours a lubricant was added 
to the fuel at the day tank, which cleared the sticking. There has 
been no nozzle trouble for the next 1,000 hours. 


4. Lubricating-Oil System. 


(a) Cooling. The lube oil is picked up from the engine sump 
by a pump, gear-driven from the engine, forced through a Ross heat 
exchanger and a full-flow edge-type filter into the engine. The oil 
is bypassed around the exchanger by a Sylphon valve, in the correct 
proportion to attain the correct temperature of the oil leaving the 
engine. This temperature was set at 145° initially. We have re- 
cently raised it to 165° in conjunction with lubricating-oil studies. We 
run about a 7° differential. Raw water is used to extract the heat in 
the cooler. It flows through at a constant rate. 

(b) Filtration. Based on an estimated running time of 1,000 
hours per year, we chose a bypass type of filter, that would take 
either fuller’s earth or cellulose cartridges. 

(c) General. This year we will run 2,500 hours, in order to 
become acquainted with the unit and to further our lubrication studies. 
With the temperature at 145° our oil pressure ran 33 lb per sq in.; 
at 165° it is 27 lb per sq in. 

(d) Pre-Lubrication. If the unit is down for any length of 
time, we have a small pre-lubricating pump that can be started up, 
to push oil into the engine before starting. 


5. Cooling-Water System. 


(a) We employ a closed system for cooling water. A gear- 
driven circulating pump forces water through the engine, out, through 
a Ross heat-exchanger and back to the engine. The circulating water 
is bypassed around the cooler by a Sylphon valve, in the correct pro- 
portion to obtain a temperature out of the Diesel engine of 150°. 
Raw water that has already been through the lube-oil cooler flows at 
a constant rate through this circulating-water cooler, to pick up the 
heat. 

(b) A standby circulating pump for the closed system is used 
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to extend the cooling-down period each time the Diesel is shut down. 
This prevents metal-contraction strains. We run it for about 25 
minutes. 

(c) For circulating-water treatment we are using, with good 
results to date, a metallic insert, much the same as is used in hot- 
water tanks to prevent scaling and corrosion. 


6. Raw Water for the Heat Exchangers. We pipe water from 
our force main through a pressure-reducing valve to the exchanger. 
It is controlled to a minimum of use by hand-operated valves that 
take advantage of seasonal temperatures. The standard installation 
of a raw-water pump, direct-connected to the engine, was eliminated 
by the extreme suction lift encountered. 


7. Starting Air. We have starting-air capacity for eight normal 
starts. The three 20-in.-by-60-in. tanks are filled to 250 Ib per sq 
in. by a Curtis air compressor with automatic controls, driven by a 
Fairbanks-Morse motor. For emergencies a gasoline drive is available. 


8. Gauge Board and Alarms. On the Marshalltown gauge board 
we required: 

(a) Pyrometer readings on individual cylinders and on com- 

bined exhaust; 

(b) Pressure and temperature of lube oil; 

(c) Temperature of circulating water; 

(d) Pressure of raw water; 

(e) Pressure of starting air; 

(f) Scavenging air pressure. 


For alarms we required a battery-operated circuit for oil pres- 
sure and temperature, and for circulating-water temperature. We al- 
so have additional thermometers on “in” and “out” of lubricating oil, 
circulating water and raw water, and additional gauges on raw-water 
pressures, lube-oil pressures, starting-air tank pressures, and pressure 
drops across fuel-oil and lube-oil filters and air filters. 


9. Pumps. Usually, when a water department goes out to pur- 
chase a pumping unit, they spend most of their time on pump speci- 
fications. In the case of Diesel power as the driving unit, more time 
is spent on specifications for this unit. However, we did go into the 
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pump specifications thoroughly. The tests of the pumps were wit- 
nessed at Beloit by our engineers and all specifications were met or 
exceeded. Field tests after installation checked the factory tests. 
The two pumps are single-stage, bottom-suction units, connected in 
series. The priming system is a simple Skidmore water ejector that 
we use on our other pumps. Gauges indicate vacuum on the suction 
and pressure on the discharge. A Venturi meter measures the pump- 
ing. The pumps discharge through the standard gate-valve-check- 
valve combination, with one exception—the check valve is 40 ft from 
the pump. 


CONSTRUCTION AND INSTALLATION 


Construction and installation began during the summer of 1947. 
It is the policy of the Department to do all our own work. A small 
crew proceeded slowly, guided by an occasional check by Fairbanks- 
Morse installation engineers. Our biggest problem was lining up 
the pumps after the right series piping was bolted into place. We dis- 
covered that air temperature had a pronounced effect on our work 
and we were forced to compromise on a mean-temperature alignment. 

In order to guarantee a minimum of flushing of the cooling sys- 
tem for the Diesel, we hand-brushed and cleaned every piece of pipe 
used in connecting up the heat exchangers before installing it. We 
also dismantled the coolers and thoroughly cleaned them. We found 
this paid dividends when starting up. By January 2 of 1948 we were 
ready to make a trial run on the unit. Fairbanks-Morse sent an en- 
gineer from their plant to start the unit and make what adjustments 
were necessary. The adjustments were of a minor nature. A field 
test was run on the unit for a comparison with factory-test figures. 
The check was satisfactory and the unit was placed in service. It 
has operated approximately 2,000 hours since. 


Operation Experience. Our operation experience is, of course, 
limited and the important points have been stressed under SPECIFICA- 
TIONS AND INSTALLATION PLANS. The general picture may be more 
complete by reporting that: 


1. The operation time has varied from 8 hours to 20 hours per day. 
2. The first two complete changes of lube oil were made after 550 hours 
of operation. The third change is due soon. 
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3. Filter cartridges were changed when the first two oil changes were made. 
They were changed at the 500-hour mark during the present run. 


Costs OF OPERATION 


The costs of operation are listed in the following table. They are 
worked out on the basis of cost per kwh, for comparison with pur- 
chased power. It is pointed out that they are preliminary, in view of 
the comparatively short time we have been operating. 


Costs OF OPERATION OF PumMpING UNIT 


Unit Cost 
Gal per Gal per Gal per cost perkwh 
Item mg bhph kwh ofitem (mills) 


Fuel 83.6 0.0572 0.0765 11.037¢ 8.45 
Lube oil, make-up 0.83 0.00057 0.00076 84¢ 0.638 
Lube oil, changes 0.59 0.0004 0.00054 84¢ 0.455 


Lube oil, total 1.42 0.00097 0.00130 84¢ 1.093 
Filter cartridges $40 per 

change 0.120 
Water treatment $25 per 

year Neg. 
Auxiliary operation $20 per 

year Neg. 


Total 9.663 


The total indicates an operating cost of 9.66 mills. We have 
not had any replacement and maintenance costs to date. 

Our estimate of what we might expect will bring this figure up 
to less than 1 cent per kwh, if we average 2,000 hours of running time 
per year. If depreciation is charged on this same basis, the kwh cost 
will be in the vicinity of 1.3 cents. 

Labor costs have not been included. Our normal complement 
has taken the operation of the unit in stride. Other costs of heat, 
light, etc., are normal to the operation of the motor-driven pumps also. 
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CONCLUSION 


In conclusion, it is evident from the foregoing that our interest 
in Diesel drive was based on: 


1. Development of the engineering approach of the past; 
2. Independence of operation; 

3. Flexibility; 

4. Reliability. 


It should also be noted that our daily average consumption has 
increased 1% mgd each year for 1947 and 1948. This increase has 
emphasized that our selection of a Diesel drive and of the size of the 
unit was sound. 
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PRE-CHLORINATION OF SLOW SAND FILTERS. 


INTRODUCTION OF PRE-CHLORINATION OF SLOW SAND 
FILTERS 


BY SAMUEL JACOBSON* AND MARSHALL S. WELLINGTON** 


[Read September 16, 1948.) 


THE Whitney Filter Plant of the New Haven Water Co. was 
placed in operation in March, 1905. It filters water from Lake Whit- 
ney, a distributing reservoir having a capacity of 258 mil gal and a 
watershed area of 37.7 sq mi that is densely populated. Only the 
part that is close to the reservoir has a sewerage system. The raw 
water has an average pH of 7.3; the alkalinity averages 33 ppm and 
the hardness 49 ppm, both as calcium carbonate; the turbidity aver- 
ages 8 ppm and the color 30. 

The filtration plant is of the slow sand type and consists of 
twelve beds, each one-third of an acre in area. Six beds are on 
each side of the operating corridor. Details of design and construc- 
tion have been reported by Ferry (1) and (2). The beds are cleaned 
by scraping about one-half inch of sand from the surface. More sand 
is removed if a run has been extended by raking, a rare occurrence at 
this plant. The dirty sand is washed hydraulically in an Allen Hazen 
washing machine and then transferred to a bed whose sand depth 
is being built up from a minimum of 30 in. to approximately 44 in., 
during which time it is kept out of service and designated as the “sand 
bed”. The lower levels of sand and gravel have not been cleaned since 
the plant was first placed in operation. 

The water enters each bed by flowing upwards through a five- 
foot-square concrete well, the top of which is a few inches above the 
level of the sand. The depth of water in the filter is maintained by a 
float valve in this well. The filtered water flows through a pipe equipped 
with a Venturi tube and meter. There are connections to a cross-over 
pipe, by which any bed can be backfilled with filtered water, and also 


*Chemist and Bacteriologist, New Haven Water Co., New Haven, Conn. 
**Sanitary Engineer, New Haven Water Co., New Haven, Conn. 
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open connections to the sewer line. Chlorination of the effluent from 
the plant has been practiced since January 28, 1919. 

A 750,000-gal clear well receives the plant effluent. This capacity 
is insufficient to meet the present variations in pumpage, which 
makes it necessary to reduce the rate of filtration at night. Nor- 
mally, the rate of filtration is 2 mil gal per acre per day (m.g.a.d.) 
for about 20 hours. During low flows, the rate is 0.6 m.g.a.d. On 
Sundays and holidays, low flows are usually maintained. Such varia- 
tions in filtration rate are not recommended for the efficient operation 
of slow sand filters. 

During the past few years, we have experienced difficulty in 
obtaining suitable labor to help operate the plant and the labor turn- 
over was frequent. Methods of reducing the number of filter scrap- 
ings were considered. Some improvement was obtained by careful 
control of algae in the reservoir, by applications of copper sulfate. 
Greater increases in the duration of filter runs being sought, experi- 
ments with the pre-chlorination of the water with free-residual chlor- 
ination were initiated on July 10, 1947. Fortunately, our plant is 
easily adaptable to experimentation, so that we could treat one bed 
without affecting the operation of the entire plant. Preliminary 
_ observations dating from 1943 on the chlorine demand of the raw 
water indicated that dosage requirements would not be excessive. 

For study purposes, we used mainly the physical characteristics 
of the water, most probable number of coliform bacteria per 100 
ml of sample, the agar-plate count at 20°C. with 48 hours’ incuba- 
tion, the free available chlorine residual or “flash residual’, the 
total chlorine residual or “five-minute residual”, the chlorides, am- 
monia nitrogen and albuminoid nitrogen. Sand samples were also 
examined. 

To obtain intact samples of sand while the filter was in opera- 
tion, a sampler was made as shown in Figure 1. The cutting cylinder, 
an 8-inch length of 2!4-inch brass pipe, was beveled at one end to 
a cutting edge. The other end was threaded and connected with a 
reducing coupling. A length of 3¢-inch 
brass pipe was threaded into this fitting. About 2 in. from the other 
end of the pipe a cross-piece was attached to act as a handle. All 
joints were coated with lead paint and made air-tight. 
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The following procedure was used in collecting sand samples. 
A rubber stopper (No. 00) was tightly inserted into the pipe. The 
cutting cylinder was lowered into the water to the surface of the 
sand and the cutting edge forced 4 to 6 in. into the sand, with a turn- 
ing motion. The sand sampler was then slowly and vertically with- 
drawn from the water and set over a piece of cardboard. The stopper 
was removed and the sampler was slowly raised. Occasionally, the 
cutting cylinder had to be gently tapped before the plug of sand 
would slide out (see Figure 2). 


Comparison of Pre-chlorinated and Normally Operated Filters 


A main-sterilizing chlorinator was set up on the floor of the 
operating gallery, with the chlorine-solution hose discharging into the 
bottom of the influent well at one end of the newly scraped Bed 


Fic. 2——PuHotocraPH OF SAND SAMPLES. 
(Dark sample after normal operation, and lighter-colored sample after pre-chlorination. 
An irregular fissure in latter sample resulted from handling.) 
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No. 3. A chlorine dosage rate of 2 ppm was used at the start. This 
was gradually increased as shown in Figure 3 so that, at the end of 
the run, the chlorine dosage rate was 6 ppm. Bed No. 4, located oppo- 
site Bed No. 3, was scraped and placed in operation at about the 
same time and at the same filtration rates, so that a comparison could 
be made. 

Fig. 3 indicates the different rates at which the loss of head 
developed in both beds and shows that it increased in Bed No. 4 
about twice as fast as in Bed No. 3. The data also show that, when 
the chlorine dosage rate was increased, the rate of loss of head was 
retarded. At 6 ppm chlorine, the loss of head dropped from 21 in. 
to 14 in., followed by a precipitous loss of head paralleling that of 
the normal filter. The total quantity of water filtered by Bed No. 4 
was 89 mil gal per acre (m.g.a.) as compared with 153 m.g.a. for 
Bed No. 3-—a 72% increase in filtration. 

Residual chlorine was not detected in the effluent at any time. 
Residuals observed in the influent well are given in Table 1 and 
indicate free-residual chlorination at about 3 ppm chlorine, at which 
dosage rate very little combined available chlorine was present. The 
variations in the bacterial counts and M.P.N.’s of the raw water 
indicated changes as affected mainly by run-off. The variations in 
the bacterial counts and M.P.N.’s of the effluent water were mainly 
dependent on chlorine dosage rates. Lactose broth tubes showing 
gas were usually observed in the presumptive test for coliform bac- 
teria during the pre-chlorination of Bed No. 3, but coliform bacteria 
were not found. 

Although too few observations were made on the ammonia nitro- 
gen and albuminoid nitrogen in the effluent from the pre-chlorinated 
filter, it is of interest that immediately following the change in dose 
from 4 ppm to 6 ppm on the 55th day, the ammonia nitrogen was 
0.126 ppm. The effluent from the control filter had 0.032 ppm am- 
monia nitrogen. With continuing chlorination, the ammonia nitrogen 
decreased so that 16 days later it was observed to be about the same 
as that from the control filter. The albuminoid nitrogen remained 
unchanged. 

Table 1 shows that, except for a few moderately high bacterial 
counts at the beginning, a maximum count of 420 per ml at 20°C. was 
observed on the 55th day, coincident with the high ammonia nitrogen. 


i, 
j 
is 4 
q 
| 
4 
a 
4 
a 
3 
7 


Z 
S 
& 
= 
= 
< 
x 
n 
< 
a 
Z 
< 
Z 
> 
3 


NI SAVa 


€ On 039 r-/ 


\ A! 


Wdd¥ Wd £2 Wad? 
O14 3NIYOTHD 


$038 IVWYON 
40 
QV3H 40 SSO1 40 NOSIYVdWOD 


S3HONI NI OW3H 340 


hi ° 
~ 
ifs = ~ 
N 
i ~ 
= 
a 
= 
° 


134 PRE-CHLORINATION OF SLOW SAND FILTERS. 


TABLE 1.—EFFECT OF PRE-CHLORINATION ON BACTERIOLOGY OF BED No. 3. 
(July 10, 1947, to October 31, 1947) 


Chlorine residual 


at influent well Standard agar- 
Chlorine (ppm) plate count, 
Daysin dose Free 20°C. M.P.N. 
operation (ppm) available Total Raw Effluent Raw Effluent 

1 0.05 0.60 350 17 

7 2.0 0.10 0.25 170 350 39 

8 2.5 0.10 0.25 640 180 >39 

20 2.5 0.25 0.80 760 40 15 


0.90 1.1 


920 


230 


29 4.0 1.4 1.5 140 32 8.9 
33 4.0 140 200 % 200 
36 4.0 2.0 2.0 330 50 ve 4 


1.4 


< 20 
110 6.0 2.0 2.0 1,000 30 >39 22 
—Pre-chlorination Stopped— 
111 0.0 
113 0.0 650 35 >39 16.1 
129 0.0 2,300 170 >39 >16.1 
136 0.0 480 68 >39 9.2 


ppm—parts per million. 

M.P.N.—Most Probable Number of coliform bacteria per 100 ml. 
of coliform in a 1-ml portion and in all 5 of the 10-ml portions. 
of coliforms in all 5 of the 10-ml portions. 


A value of <2.0 indicates absence 
A value of <2.2 represents absence 


Frequent tests on color, turbidity and odor indicated that the 
effluentafrom the pre-chlorinated filter was usually satisfactory. A 
slight “‘mud-flat” odor was noticed on a few occasions after low week- 


end flows. The pre-chlorination did not cause any significant reduc- 
tion of color in the effluent. 


21 3.0 33 39 
24 3.0 
25 4.0 | 27 < 2.0 | 
48 4.0 1.2 = 130 12 >39 < 22 ae 
55 6.0 170 420 >39 < 22 
56 6.0 190 400 >39 < 22 
64 6.0 2.0 2.0 310 56 < 20 < 22 3 
77 6.0 1.0 2.0 80 15 >39 < 22 
78 6.0 92 15 39 < 22 . = 
86 6.0 
—Raked— 
87 6.0 75 120 39 
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Sand samples from the same places in Bed No. 3 and Bed No. 4 
at the start of the experiment were both similar. During 49 days of 
operation, a layer about one-eighth inch in depth of black, fibrous 
material developed in Bed No. 4. Under the microscope at 100X 
magnification, living organisms, including diatoms, rotifers, protozoa, 
minute thread worms and flat worms, were observed. Underneath, 
the sand was gray in color, with a small amount of slimy material 
between the sand grains. The sample from Bed No. 3 had a very thin 
layer of dark, brownish, non-fibrous material over comparatively 
clean-looking sand. The only motile, living forms observed were the 
thread worms living under these conditions in water with 1.4 ppm 
free available chlorine. Fig. 2 is intended to show how the samples 
from both beds looked at this time. 

At the end of the run for Bed No. 3, when the water level was 
lowered to about six inches above the sand, an unusually large 
number of bubbles appeared. When the water had drained from the 
sand, the surface of the filter was observed to be very badly pock- 
marked with small craters of light-colored sand, about one inch in 
diameter and about a foot apart. The presence of so much air in 
the filter was in large part the cause of the sudden increase in loss of 
head in Bed No. 3, as shown in Fig. 3. 

The deposit on the sand was found to be dark brown and uni- 
form in appearance and depth over the entire filter. The underlying 
sand was lighter in color and cleaner in appearance. This confirmed 
our findings by sand sampling while the filter was in use. 

Because of its surprisingly good appearance, we decided to 
rake Bed No. 3. The filter was raked to a depth of about one inch 
and was backfilled with filtered water, until there were about six 
inches of water on the sand. The drain to waste in the well was 
opened and the water was skimmed off at a low rate, so as not to 
disturb the sand. This was repeated several times and a large amount 
of brownish material was removed. A raked filter, after a normal 
run, cannot be washed in this manner. The loss of head on Bed No. 3 
after this operation was only 2 in. and the effluent was satisfactory. 
As an experiment, the chlorination was stopped after a total of 110 
days of pre-chlorination. Coliform bacteria were found in the effluent, 
the need of continuous chlorination being thus indicated. 
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When this bed was scraped, we found that the surface sand was 
lighter and easier to handle. Better separation of the dirt from the 
sand was obtained in the washing machine. The fine sand settled, 
whereas in normal operation the organic matter held it in suspension, 
so that much of it was lost in the wash water. 

From these observations, we were confident that pre-chlorination 
had lengthened the run of a slow sand filter and had improved the 
appearance of the sand, without very much disturbance in the quality 
of the effluent. 


Pre-chlorination of a Partially Clogged Filter with High Dosage Rates 


A rapid method of controlling the chlorine dosage rate during 
pre-chlorination being necessary, a suggested procedure was to pro- 
duce a chlorine residual in the filter effluent and to control operation 
by means of the ortho-tolidin test. The only filter available at the 
time was partially clogged but, because of the possible requirement 
of introducing pre-chlorination when the filters had been in operation 
for some time, we decided to experiment with it. 

Bed No. 12 had been in service for 44 days and showed a loss 
of head of 28 in., indicating that it would have to be cleaned soon. 
Chlorine was introduced at the comparatively high rate of 15 ppm. 
The total residual chlorine at the point of application was 12 ppm 
and, at the far end of the filter, it was 5 ppm. The loss of head 
increased during the first few days and then started to fall off, until 
8 days later it was 11 in. The increased loss of head was mainly the 
result of the death and settling out of numerous organisms, causing 
temporary clogging. This was apparently followed by chemical re- 
actions that increased the porosity of the filter. 

Sand samples taken at the beginning of the pre-chlorination 
showed a black fibrous layer on top with gray slimy sand underneath. 
As the chlorinated water penetrated the filter, the top layer became a 
brownish mud and the gray slime disappeared, leaving clean sand 
underneath. 

The effluent underwent a number of changes. At first, a slightly 
earthy or swampy odor was noticeable, which in a few days became 
objectionable. After 19 days of operation, a chlorinous odor was ob- 
served. The color increased from 5 to 30 during the first 34 days 
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and then diminished to 15 on the 48th day. The turbidity reached a 
maximum of 3 ppm on the 41st day and a small amount of whitish 
particles appeared for about a day. The turbidity then decreased 
to 1 ppm on the 46th day. After 54 days of curing, the effluent was 
considered satisfactory and was turned into the distribution system. 

Figure 4 shows the effect of variations in pre-chlorination dosage 
rates on the chlorine residuals in the effluent. Only part of the data 
used in preparing this chart is presented in Table 2. After 34 days 
of operation at 15 ppm, the total chlorine residual in the effluent in- 
creased sharply, reaching a maximum of 2.4 ppm on the 43rd day. 
To avoid waste of chlorine, the dosage rate was gradually reduced to 
5 ppm. The free available chlorine in the effluent became negligible. 
The dose was increased to 7 ppm and this change caused an increase 
in the free available chlorine to 0.1 ppm. The succeeding fluctuations 
in chlorine dose were largely due to our unsuccessful attempts under 
the conditions of this experiment to maintain this residual. With 
the removal of organic matter from the filter, increased concentra- 
tions of chlorine appeared in the effluent. There are indications, 
which will be pointed out later, that on the 84th day the filter was 
practically clean and subsequent changes in dosage rate produced cor- 
responding changes of the chlorine residuals in the effluent. The 
peak at 141 days of operation was caused by increasing the filtration 
tate at night to equal the day rate of 2 m.g.a.d. The curves for the 
free available-chlorine residual and the total chlorine residual began 
to approach more closely together. This represents a decrease in the 
combined available chlorine and follows the decrease of nitrogenous 
substances in the filter (see Figure 5). 

Table 2 shows the effect of pre-chlorination on the bacteriology 
of Bed No. 12. Dosage rates of 15 ppm chlorine increased the 20° C. 
counts in the effluent, so that a maximum of 70,000 per ml was 
reached in 15 days, when the total chlorine residual in the effluent was 
0.05 ppm. The counts decreased to 10 per ml when the total chlorine 
residual was 0.18 ppm, with only a trace of free available chlorine 
present on the 33rd day. Low counts followed, with the exception of 
periods when chlorine residuals were absent. Coliform bacteria were 
not found at any time in 5 of the 10-ml portions of water tested. 
This bed was used for 133 days, when it was scraped because of 
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TABLE 2.—EFFECT OF PRE-CHLORINATION ON BACTERIOLOGY OF BED No. 12. 
(October 15, 1947, to April 19, 1948) 


Chlorine residual in Standard agar- 
Chlorine effluent (ppm) plate count, 20°C. 
Daysin dose Free M.P.N. 
operation (ppm) available Total _ Effluent Raw Effluent 


0.00 0.00 1,000 7 : 22 
0.03 0.03 730 Numerous 2 <2.2 
0.04 0.04 é 
tr <2.2 
tr 
0.03 
tr <22 
0.17 <2.2 
0.70 
1.8 
tr 


VV VVVVV 


<22 
0.00 <2.2 

tr <2.2 
0.10 <2.2 
0.05 <2.2 
0.70 <2.2 
0.65 2.2 
0.80 
0.03 <2.2 
0.25 <2.2 
0.10 <22 

tr <2.2 
<2.2 
<2.2 
G22 


VVVV V 


166 
169 
173 
180 
182 
187 


ppm—parts per million. 

M.P.N.—Most Probable Number of coliform bacteria per 100 ml. A value of <2.0 indicates the 
absence of coliforms in a 1-ml portion and in all 5 of the 10-ml portions. A value of <2.2 represents 
the absence of coliforms in all 5 of the 10-ml portions. 

tr—trace. 


1 15 | % 
5 15 
8 15 
15 15 
23 15 
29 15 
33 15 
37 15 
41 11 
48 10 
54 4.3 
55 
56 5.4 
57 5.2 | 
4 62 5.0 
72 4.0 Be 
82 4.5 
89 4.5 
96 6.1 a 
103 4.2 = 
110 3.5 
117 3.5 
124 2.5 ie 
132 3.5 5 
138 3.5 
145 3.0 
: 152 2.5 0.05 0.13 1,600 240 <2.2 ie 
156 1.2 0.00 0.05 6,000 >240 
159 3.0 tr 0.05 3,000 240 <2.2 - 
161 2.3 0.00 0.05 12,000 240 
4.3 0.00 tr ‘1,800 240 <2.2 
5.0 0.03 0.10 1,300 2 38 - 
3.1 0.00 tr 3,000 520 240 <2.2 ee 
4.5 0.00 tr 1,000 720 240 <2.2 
6.0 0.25 0.40 950 3 > 39 a 
4.5 tr 0.05 —1,700 7 > 39 <2.2 
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high loss of head. During its entire run, the flow of water through 
this filter was 393 m.g.a. Starting at the same time, a control filter 
operating normally filtered 118 m.g.a. The increase of 233% was 
partially due to the favorable influence of winter operation toward 
the end of Bed No. 12’s run. 


Pre-chlorination of a Scraped Filter with High Dosage Rates 


A comparison of the pre-chlorination of the partially clogged 
filter with pre-chlorination of a scraped one was made, to determine 
if the time necessary for curing could be shortened and if the unde- 
sirable effects on the effluent could be avoided by scraping. 

A newly scraped filter, Bed No. 10, was treated with a chlorine 
dosage rate of 15 ppm. A total chlorine residual of 15 ppm was ob- 
served at the influent well, decreasing to 4.5 ppm at the far end of 
the filter. The resulting effluent was slightly earthy in taste and 
odor. No coliform bacteria were observed in five of the 10-ml por- 
tions of water after the second day. The color in the effluent in- 
creased from 12 to 22 in three days, remaining higher than normal 
for about a month. The odor remained earthy for about 21 days, 
followed by a chlorinous odor. Small whitish particles were sloughed 
off after the first few days of pre-chlorination, and the turbidity 
reached a maximum of 4 ppm after 36 days and diminished to 1 ppm 
after 50 days. 

After 7 days of operation, the total available chlorine residual 
in the effluent was 0.05 ppm. The 20° C. count reached a maximum 
of 600,000 per ml and gradually decreased to 12 per ml on the 23rd 
day of operation, when the free available chlorine residuals continued 
to increase, so that after 46 days they reached a maximum free avail- 
able chlorine residual of 1.6 ppm and a total chlorine residual of 
2.4 ppm. 

When the rate of flow of water through the filter was decreased 
to a constant rate of 0.6 m.g.a. and the chlorine dosage rate was 
raised to 42 ppm, the total chlorine residual in the effluent was 9 
ppm. Considerable frothing was observed in the filter. A haze de- 
veloped in the plant and the atmosphere caused irritation of the eyes. 

The chlorine dosage was reduced so that, after 72 days of pre- 
chlorination, the rate was 5 ppm, resulting in a satisfactory effluent. 
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The total flow through this filter was 420 m.g.a., representing a 
100% increase in output of a comparable filter under normal opera- 
tion. 

The observations of Beds No. 10 and No. 12 indicate that pre- 
chlorination with high chlorine-dosage rates, as in super-chlorination, 
requires a curing period, which under our operating rates was about 
two months. During this period, the effluent may be unpalatable 
and the capacity of the filters would not be available. The slow cur- 
ing of a scraped filter indicates that most of the organic matter was 
within the filter and that the deposit on a partially clogged filter was 
of lesser importance. 


Significance of Ammonia Nitrogen and Albuminoid Nitrogen in the 
Effluent during Pre-chlorination 

A relationship between the ammonia nitrogen and the chlorine 

residuals in the effluent is indicated in the results. Table 3 and 


TABLE 3.—AMMONIA AND ALBUMINOID NITROGEN FROM PARTIALLY CLOGGED 
Fitter, No. 12. 


Days in Chlorine dosage Ammonia N Albuminoid N 
operation (ppm ) (ppm ) (ppm ) 


0.198 0.396 
0.214 0.402 
0.176 0.404 
0.108 0.336 
0.018 0.324 
0.010 0.306 
0.008 0.146 
0.026 0.216 

0.220 

0.170 


0.128 
0.098 
0.088 
0.062 
0.124 
0.102 


1947 
Oct. 23 7 15 = 
Oct. 30 14 15 Pa 
Nov. 6 22 15 4 
Nov. 14 30 15 i 
Nov. 21 37 
: Nov. 25 41 15 
Dec. 2 48 10 
Dec. 10 56 5.4 ee: 
Dec. 16 62 5.0 
Dec. 26 72 4.0 
1948 
_ Jan. 2 79 4.0 0.002 -. 
Jan. 8 85 4.5 0.000 : 
Jan. 16 93 3.5 0.000 - 
Feb. 20 128 4.0 0.000 - 
; Apr. 9 176 5.0 0.012 
Apr. 16 184 6.0 0.006 é 
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Fig. 5 show that the ammonia nitrogen in the effluent from Bed 
No. 12 reached a maximum of 0.214 ppm on the 14th day of opera- 
tion and decreased thereafter to a low value of 0.018 ppm on the 37th 
day. The free available chlorine increased at the end of this period 
to maximum residuals. 


TABLE 4.—AMMONIA AND ALBUMINOID NITROGEN FROM SCRAPED FILTER, No. 10. 


Days in Chlorine dosage Ammonia N Albuminoid N 
Date operation (ppm) (ppm) (ppm ) 


1948 


Apr. 20 1 15 0.000 0.060 
Apr. 23 4 15 0.052 0.292 
Apr. 30 il 15 0.094 0.338 
May 7 18 15 0.180 0.510 
: May 14 25 15 0.140 0.510 
i May 21 32 15 0.040 0.340 
: May 28 39 15 0.014 0.290 
June 4 46 15 0.028 0.278 
June 11 53 42 0.024 0.344 
June 18 60 19 0.014 0.244 
June 25 67 17 0.024 0.248 
July 9 81 8.0 0.036 0.194 
July 16 88 6.5 0.002 0.158 
July 23 95 6.3 0.012 0.142 
July 30 102 4.5 0.016 0.140 


Aug. 6 109 6.0 0.020 0.138 


Table 4 shows that during the pre-chlorination of Bed No. 10 
the ammonia nitrogen in the effluent reached a maximum of 0.180 
ppm on the 18th day and then decreased to 0.014 ppm on the 39th 
day. The free available chlorine also increased at the end of this 
period to maximum residuals. 

It is apparent that the ammonia was liberated in the filter by 
the action of the chlorine on material in the sand. When the am- 
monia nitrogen was at a maximum, practically no free available 
chlorine was observed in the effluent. When the ammonia nitrogen 
was at a minimum, high concentrations of free available chlorine 
appeared. 

The concentration of albuminoid nitrogen in the effluent during 
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pre-chlorination is of significance in establishing the cleanliness of 
the filter. 

Table 3 and Fig. 5 show that the albuminoid nitrogen in the 
effluent from Bed No. 12 reached a maximum of 0.404 ppm on the 
22nd day of operation and decreased to 0.098 ppm on the 85th day. 
The albuminoid nitrogen in the raw water was 0.064. The low values 
for albuminoid nitrogen experienced thereafter indicate that the filter 
was fairly clean. 

The albuminoid nitrogen in the effluent from Bed No. 10 is 
shown in Table 4. The albuminoid nitrogen reached a maximum of 
0.510 ppm on the 18th day, decreasing until the 53rd day, when a 
minor peak of 0.344 ppm occurred because of the higher chlorine- 
dosage rate of 42 ppm. The albuminoid nitrogen then decreased, so 
that on the 88th day it was nearly constant at 0.158 ppm. The 
albuminoid nitrogen in the raw water was 0.160 ppm. 

The albuminoid nitrogen, as a measure of the nitrogenous or- 
ganic matter in the filter, shows that the partially clogged filter and 
the scraped filter were substantially alike in their behavior toward 
pre-chlorination, and that approximately the same time was neces- 
.sary to clean them. We estimate that approximately 0.15 lb of 
chlorine were used to clean 1 cu ft of sand. 


The Effect of Pre-chlorination on the Coliform Bacteria 


The M.P.N. of coliform bacteria per 100 ml in the raw water 
and the effluent of the filters between November 13, 1947, and March 
22, 1948, is presented in Table 5. The normally operated filters, 
Beds No. 1, 2, 4, 5, 8, 9, 10 and 11, were found to have coliform 
bacteria in the effluent. With continuing operation during the winter 
months of the year the M.P.N.’s decreased. Beds 8, 9 and 10 had just 
been scraped and the effluents had M.P.N. values of more than 16.1, 
which gradually decreased with continuing filtration. Toward the 
end of the run, when clogging was at a maximum, the effluents had a 
fewer coliform bacteria. The effluents from Beds No. 1, 2, 4 and 11, 
whose filtering runs were completed during this period, had M.P.N. 
values of less than 2.2, 2.2, 5.5 and 2.2, respectively, at the end of 
the run. The M.P.N. of coliform bacteria became very small during 
the spring, as the water temperature rose and biological activity 
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increased in the filters. The post-chlorinated effluent from the plant 
was free of coliform bacteria in all five of the 10-ml portions of water 
at all times. The raw water had high M.P.N.’s throughout this period. 

Bed No. 3 had been pre-chlorinated between July 10 and Octo- 
ber 31, 1947. After scraping and return to normal operation, it be- 
haved like a normal filter from the bacteriological standpoint. 

Bed No. 6 was pre-chlorinated from January 14 to April 10, 
1948. A few coliform bacteria were found during the first two weeks 
after scraping and none were found in five of the 10-ml portions of 
water thereafter. 

The pre-chlorination of Bed No. 7 was too brief for definite 
conclusions. 

Bed No. 12 was pre-chlorinated throughout this period and no 
coliform bacteria were found in its effluent at any time. 


Summary 


This investigation concerns the effect of the addition of chlorine 
to the raw water entering a slow sand filter and constitutes a radical 
departure from usual practice. The design of the Whitney Filter 


Plant allows experimentation without interfering with the normal 
operation of the plant. 

Pre-chlorination increased filtering capacity, the increase depend- 
ing on the condition of the raw water and the chlorine-dosage rates. 
The use of moderate dosage rates to give free-residual chlorination 
of the raw water increased the output of a filter 72% without dis- 
turbing the physical characteristics of the water. Cleaning of the 
sand in the filter by this method occurred at a very slow rate. 

The use of higher dosage rates, as in super-chlorination, resulted 
in more rapid cleaning of the filter but necessitated waste of the 
unpalatable effluent for about two months. Approximately 0.15 lb 
of chlorine were used to clean one cubic foot of sand. Two filters 
cleaned by this method showed 100% and 233% increases in capacity, 
respectively. 

During the cleaning period, the liberated ammonia was at a 
maximum when the effluent chlorine residual was negligible. The 
disappearance of the ammonia was followed by maximum chlorine 
residuals. 
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The albuminoid nitrogen in the filter effluents was shown to be 
of value in determining the cleanliness of the filter during high initial 
chlorine-dosage rates. 

The coliform test was found to be the most satisfactory bac- 
teriological procedure in controlling the sanitary quality of the effluent 
with pre-chlorination. The 20°C. standard agar-plate counts at first 
measured the rate at which the filter was being cleaned and later were 
of value in sanitary control, when the bacteria in the filter had been 
eliminated. 

Gradual improvement in the effluents during pre-chlorination was 
observed, with the gradual removal of dirt from the sand and gravel 
that had lain undisturbed since the plant was first placed in operation, 
43 years ago. In comparing the effluents from pre-chlorinated and 
normally operated filters, no claim can be made of improvement in 
taste, odor or appearance. Definite improvement in bacteriological 
quality was observed. 
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DISCUSSION 


ARTHUR C. KiNc (Taunton, Mass.). Thank you very much, 
Dr. Jacobson, for that very interesting paper. In these days of 
increased cost of labor I think the increase in the length of filter runs 
is quite important. Perhaps chlorine is cheaper than labor. 

PETER C. KARALEKAS (Springfield, Mass.). Did you attempt to 
increase your filtration rates? 

SAMUEL JAcoBSON. Yes, we did; and we obtained about the 
same amount of water as when we operated at lower rates, using pre- 
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chlorination. That is, if we want to get our water in a hurry, we can 
do so and we shall get the same total amount. 

MortTIMErR M. Grpsons (Rahway, N. J.). When you said pre- 
chlorination did not make the taste any better, did it make it any 
worse? 

Dr. JAcoBson. Well, at times, yes. We ascribe that to the low 
flows over the week-end. That is, the water remains stagnant under 
the filter and picks up some taste, which becomes concentrated in 
that way, so that it is noticeable during the lower rates of flow. 

CHARLES R. Cox (Albany, N. Y.). This paper is somewhat 
unique, because it discusses chlorination in connection with slow sand 
filtration. Almost all that the literature deals with is rapid sand 
filtration. 

Some years ago—roughly about 1934—we were confronted with 
short filter runs at some of the slow sand filters in New York State. 
These were very old filters, one being the second oldest in the country. 
We were reluctant to suggest to these communities that chlorination 
be followed, because of the generally accepted theory that their 
efficiency depended upon the biological slimes in the sand, but, never- 
theless, pre-chlorination was initiated at Hudson, N. Y., and later 
at six other plants in the state, with algae and organic control, with 
beneficial results. We did not have the breakpoint technique in those 
days. We started off with chlorine and gradually increased the 
amount of ammonia. In other words, we started off with very low 
doses over a long period of time and gradually increased the doses 
and the percentage of ammonia, so that we got more and more stable 
residual chlorine, until finally the results were secured. We now 
ignore the so-called biological slimes and use the benefits of pre- 
chlorination, getting much longer filter runs, comparable to the bene- 
fits of rapid sand filtration. 

Ordinarily you can’t discharge water to waste during this transi- 
tion period. The method we have used—apparently with success, be- 
cause we have not had so many complaints—is very gradually to 
increase the residual in the applied water and to use post-chlorination 
at the same time for any bacteriological control we might need in 
addition during that transition period, which of course is troublesome. 
ALEXANDER J. Minxkus (Hartford, Conn.). We too have had 
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beneficial results by pre-chlorination of our slow sand filters. In 
our case we started with two beds, cleaned by the hydraulic method. 
We had one complete run. The free bed delivered 135 mil gal of 
water before it had to be scraped again, and the bed with the chlorine 
applied to the raw water delivered 292 mil gal before it reached the 
same loss of head. In our case we obtained a chlorine residual in 
the effluent in about 30 days’ operation, and that residual at present 
is about 0.2. That is combined chlorine. 

WarrREN A. GENTNER (Hartford, Conn.). I think I might add 
to what Mr. Minkus has said by stating that our average rate of 
filtration on our slow sand bed is about 4 m.g.d.a., which is about 
double that of New Haven. 
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ONE HUNDRED YEARS OF BOSTON WATER SUPPLY. 


ONE HUNDRED YEARS OF PUBLIC WATER SUPPLY FOR 
BOSTON 


BY JAMES J. MATERA* 


[Read November 18, 1948.) 


On OcToBER 25, 1948, the city of Boston commemorated the 
one hundredth anniversary of the introduction of its first public water 
supply. 

One hundred years ago, on October 25, 1848, the Cochituate 
Water Supply System was officially dedicated to the service of the 
rapidly growing city of Boston and, for the first time in its history, 
the city had a supply of pure water adequate for its needs for many 
years, so far as could then be foreseen. 

Previous to the year 1825,.there was no public action on the 
part of the citizens of Boston to introduce, at the expense of the 
city, a supply of pure water, although it had been partially intro- 
duced by two private companies. 

Dr. N. B. Shurtleff, in one of his articles on Boston in the Olden 
Time, gives a full account of the Ancient Conduit and also of the 
Jamaica Pond Aqueduct Company. 


Of the Ancient Conduit he says: “Among the most noted of the early 
attempts for procuring water for the daily use of the towns’ people was ; 
the CONDUIT, a very singular contrivance, but one which answered a 4 
very good purpose in the limited space in which its benevolence was ex- 
perienced. . . . In 1652, at the May Session of the General Court of the 
Colony, on petition of the inhabitants of Conduit Street in Boston, ‘The 
Water Works Company’ was incorporated for building the conduit, and pro- 
visions were made for the use of the water in case of fire. 

“From what has been stated, it would appear that the conduit was a 
large reservoir, about twelve feet square, made for holding water, conveyed 
to it by pipes leading from neighboring wells and springs, for the purpose of 
extinguishing fires and supplying the inhabitants dwelling near it with 
water for domestic purposes (see Fig. 1). Over the reservoir was a wooden 
building, in the olden time, used for storage purposes; but in more modern 


*Superintendent of Wachusett Section, Metropoli District C issi Wachusett Dam, Clinton, Mass. 
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days, the old building was removed, and the conduit covered with plank, 
raised in the centre about two feet, and sloping to the sides, like a hipped 
roof. . . . This strange construction was situated in a square formed by 
the junction of Wing’s lane (now Elm Street) and Union Street, in the 
neighborhood of the present North Street, and a short distance from Dock 
Square. The street leading from the conduit to the Draw Bridge placed 
over the Mill Creek, now the site of Blackstone Street, was one of the first 
highways laid out by the early settlers of the town, and was for a long 
time known as Conduit Street, because the proprietors of the conduit owned 
an estate on the north side of the street, about where the old building 
stands... . 

“The old conduit never fulfilled the expectations of those who devised 
and built it; and its traces have so entirely disappeared, that not a single 
vestige of it can be found, and an occasional mention of the street that 
bore its name, and the old estate alluded to, is all that can be found con- 
cerning it in the ancient town books and in the conveyances of land in 
Suffolk Records. No digging in the street, for laying of drains or sewers, 
has, within the remembrance of persons now living, shown any of its re- 
mains, although it was well remembered in its last condition by the old 
persons who have recently passed away... . 

“The exact position of the conduit is marked out on John Bonner’s plan 
of the town, engraved in 1722, and has been pointed out by antiquaries as 
being near where the present North Street and Market Square join Union 
Street, just west of the ‘Old Feather Store,’ which was taken down between 
the 10th and 13th of July, 1860.” 

In another article, giving an account of the Jamaica Pond Aque- 
duct, he says: “On the 27th of February, 1795, Governor Samuel Adams 
approved an Act of the General Court whereby Luther Eames, Nathan Bond 
and William Page, and their associates, were vested with corporate powers 
for the management and direction of the business, as a Company, of bring- 
ing fresh water into the town of Boston by subterraneous pipes; and, by 
a subsequent Act passed on the 10th of June, 1796, this Corporation was 
empowered to assume the appellation of ‘THE AQUEDUCT CORPORA- 
TION.’” 

The Corporation was authorized “to bring from any part of the town 
of Roxbury into the town of Boston, and into any street in the same town, 
all such fresh water as they, the said Luther Eames, Nathan Bond and 
William Page, and their associates, or any, or either of them in their private 
and natural capacities ‘then had or hereafter should’ have a right to dispose 
of or to convey from the springs or sources thereof.” The act gave power 
also to open the ground in any of the streets or highways in Roxbury and 
Boston as should be required for the sinking of the water pipes, but with 
very prudent provisions, which prevented the aqueduct from becoming a 
nuisance or impairing any right of the town of Roxbury or any of its in- 
habitants in and to the waters of Jamaica Pond. 
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“The Corporation could hold only thirty-three thousand dollars in real 
estate and the water works were to be divided into one hundred shares. 

“The price of water was to be regulated by the General Court, the 
towns of Boston and Roxbury were to have the privilege of hydrants for 
extinguishing fires, and the first meeting was to be called by Hon. James 
Sullivan upon the proper application of the persons named in the act. On 
the 22d of June, 1803, an Additional Act was passed to facilitate the opera- 
tions of the Corporation. 

“The Capital of this Company, so far as can be ascertained, was about 
one hundred and thirty thousand dollars, or about thirteen hundred dollars 
to a share, which became much depreciated in value. 

“No dividends were made during the first ten years after the com- 
mencement of the works, and subsequently the average of the dividends for 
thirty years amounted to a fraction less than four per cent a year. When 
the Aqueduct was in its greatest prosperity it supplied about fifteen hundred 
houses with water, chiefly at the South End, and in the neighborhood of 
Summer and Essex, and of Pleasant and Charles streets. 

“The water was brought from Jamaica Pond in Roxbury through four 
main pipes of pitch-pine logs, two of four inches bore, and two of three 
inches, the lateral pipes having a bore of one and a half inch. The lineal 
extent of the water pipes in Boston was about fifteen miles, and they reached 
north as far as Franklin Street, and branched off easterly through Harrison 
Avenue into Congress Street nearly to State Street, and to Broad Street. 
They also branched off westerly through Pleasant and Charles streets, ex- 
tending as far as the Massachusetts General Hospital, which was supplied 
with Jamaica Pond water. In 1840, this Company laid a 10-inch iron pipe 
from the Pond to Bowdoin Square.” 


In 1816 Cyrus Alger and others took some measures for the 
introduction of water into the town of Boston from Spot Pond in 
Stoneham, but upon further investigation they found it would be 
inexpedient. There was no public action on the part of the city 
government until 1825, on the subject of introducing pure water into 
the city. After 23 years of studies and debate, Boston obtained its 
first public water supply. 

The Cochituate Water Act was passed by the State Legislature 
in 1846, authorizing the city of Boston to construct a public water 
supply, with an expenditure of about $3,000,000. The supply was 
to be taken from a natural lake, then known as Long Pond, situated 
in the towns of Framingham, Natick and Wayland. An aqueduct was 
to be constructed of brick masonry, with the necessary appurtenances 
to convey and distribute a pure and wholesome water supply to the 
inhabitants of Boston. 
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Common on October 25, 1848, was the subject of a monster celebra- 


ONE HUNDRED YEARS OF BOSTON WATER SUPPLY. 


The introduction of the first water to the Frog Pond in Boston 


tion (see Fig. 2). To quote from the report published at that time: 


WATER CELEBRATION 


“The Water Commissioners having announced to the City Council, that 
the Aqueduct from Lake Cochituate to the reservoir and gate house in 
Brookline, would be completed, and that the main pipe for conducting the 
water thence to the City, would be laid on or before the 25th day of October, 
and would be in readiness for introducing the water of the lake into the 
City, on that day, a joint order of the two Boards was passed, directing an 
appropriate public celebration of the event, and appointing a joint Com- 
mittee to arrange and superintend the celebration. 

“The Committee resolved, as an appropriate form of celebration, to 
invite the citizens of the metropolis, with such of the public officers, the 
municipal authorities, the militia, various public bodies, and institutions of 
the Commonwealth, as might be disposed to accept the invitation, to unite 
in a procession, embracing a cavalcade and military escort, and to be present 
on the introduction of the the water at the Fountain, on the Common. 

“The citizens cordially responded to the invitation, and they were joined 
by great numbers of their fellow-citizens from all parts of the State, who 
came to offer their sympathy on the joyful occasion. The usual avocations 
were suspended, in token of the common rejoicing in the accomplishment of 
a great and useful enterprise, and a vast concourse of citizens and strangers 
assembled to unite in the procession and to be witnesses of its progress and 
of the event to be commemorated. 

“The day opened propitiously by beautiful weather after a heavy rain 
during the night, disappointing the gloomy anticipations of the preceding 
day. The discharge of artillery, at break of day, was the appointed signal 
that the celebration would proceed—as orders had been given for its post- 
ponement, in case the weather should prove inclement—and a salute of 
one hundred guns opened the ceremonies of the day, accompanied by the 
ringing of the bells of the City. 

“At an early hour the streets were filled with people, attracted by the 
decorations, mottos, and devices, by which the principal avenues through 
which the procession was to pass were embellished. These were very num- 
erous, and were well arranged, and in good taste, and some of them extremely 
beautiful. 

“Several divisions were formed representing all groups of the young 
democracy. They paraded through the streets of Boston in a manner be- 
fitting the occasion. It took about two hours for all to pass a given point, 
ending the procession at the Common. 

“Several addresses were made to the vast concourse of citizens assem- 
bled at the Common. At the end of his address, Josiah Quincy, Jr., Mayor 
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of Boston, inquired of the assembly if it was their pleasure that the water 
should now be introduced. An immense number of voices responded ‘Aye’, 
whereupon. on the signal of the Chief Engineer, the fountain gate was grad- 
ually opened and the water began to rise in a strong column, increasing rapidly 
in height, until it reached an elevation of about 80 feet. After a moment of 
silence, shouts rent the air, emphatically attesting the universal joy in wit- 
nessing this proof of actual attainment of the object of so long cherished 
hopes. The bells began to ring, cannon were fired, and rockets streamed 
across the sky. Men swung their hats and shouted, and some even wept. 
To the multitude around, the scene was one of intense interest and excite- 
ment, which it is impossible to describe, but which no one can forget.” 


Thus Boston celebrated the introduction of its first public water 
supply. 

The Cochituate Aqueduct was constructed of brick masonry with 
cross-section dimensions 5 ft wide and 6 ft 4 in. high. It is 13.7 
miles long and has a maximum carrying capacity of 20 mgd. The 
aqueduct terminates at the Brookline Reservoir and had a storage 
capacity of about 120 mil gal. Large iron pipes were laid from the 
reservoir into the city proper, which supplied a distribution reservoir 
on Beacon Hill, where now stand the capitol buildings of the Com- 
monwealth. Additional distributing reservoirs were constructed in 
the east and south sections of the city. During 1869, Chestnut Hill 
Reservoir in Newton and Brighton was completed. 


During 1849, the first complete year of operation of the works, 
the average daily consumption of water was 3.680 mil gal; in 1859, 
ten years later, it had increased to 13.175 mil gal, and in 1861 it 
reached 18.189 mil gal. 

With the decision to develop Lake Cochituate for a water supply 
for the rapidly growing city of Boston, a policy of taking water from 
clean, unpolluted upland watersheds was established as being the 
most practicable method of providing a safe and acceptable water 
supply. 

An increasing consumption of water and the continued growth 
of the city made it evident that provision had to be made to supple- 
ment the Cochituate supply. It was necessary for the city of Boston, 
in 1869, to make a contract with the city of Charlestown—then a 
separate municipality—to receive water from the Mystic Water Board 
to meet the demand. The city of Charlestown had established the 
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Mystic Water Board, for the purpose of developing a water supply 
from Mystic Lake, in 1861. 

Although it had been apparent for some years to those inti- 
mately acquainted with the capacity of the existing works that the 
watershed of Lake Cochituate was insufficient to meet the wants of 
the city, it was not until 1871 that active steps were taken by the 
city government to seek a new source of supply. Studies and reports 
were then made which considered the Charles, Concord, Merrimack, 
Mystic, Shawsheen and Sudbury rivers as a source of supply. 

On April 8, 1872, the Governor, W. W. Washburn, signed the 
Sudbury River Act for an additional supply from Sudbury River 
and Farm Pond in Framingham, thereby authorizing the Cochituate 
Water Board to divert the waters of the Sudbury River in Framing- 
ham. The Act provided for the construction of seven storage reser- 
voirs on the river, together with a conduit 17 miles in length, now 
known as the Sudbury Aqueduct, through which water was to be 
conveyed to Chestnut Hill Reservoir, where provision was made to 
connect the Sudbury source with the existing works. 

With the annexation of Charlestown, West Roxbury and Brighton 
in 1874, the Cochituate and Mystic Water Boards were united; and 
in 1876 the Boston Water Board was created, succeeding the Cochitu- 
ate Water Board. 

In 1875, construction of the Sudbury Aqueduct and Framing- 
ham Reservoirs Nos. 1, 2 and 3 was begun. The works were com- 
pleted in 1880, although water was first delivered from the Sudbury 
River to Chestnut Hill in 1878. Ashland and Hopkinton Reser- 
voirs were constructed on the South Branch of the Sudbury River. 

The Sudbury Aqueduct is largely of the grade-tunnel type, of a 
horseshoe shape, having maximum dimensions of 9 ft in width and 
7 ft 8 in. in height. With a minimum grade of a foot per mile, the 
aqueduct has a capacity of about 109 mgd. 

In about 1890, it was realized that further additions would have 
to be made to supply the increasing needs of Boston. Also, the cities 
and towns around Boston began to feel the inadequacy of their water 
supplies, due to the encroachments that were rapidly being made on 
the watersheds of their sources, while, at the same time, the daily use 
of water was increasing beyond the limit of safe yield of these sources. 
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In 1893 and 1894, an intensive study was undertaken by the 
State Board of Health, relative to procuring a water supply for the 
city of Boston and its suburbs. This investigation was made under 
the direction of Frederic P. Stearns, Chief Engineer. It resulted 
in the report of 1895, which was the most thorough and comprehen- 
sive study ever made on the subject. Consideration was given to 
every large source of supply in the Commonwealth and to a proposal 
of taking water from Lake Winnepesaukee in the abutting state of 
New Hampshire. 

The report recommended the creation of the Metropolitan Water 
District, with a proposal to go to the South Branch of the Nashua 
River for a water supply which would care for the needs of the Metro- 
politan District for many years to come. In his concluding remarks 
the Chief Engineer stated that the South Branch of the Nashua River 
was by far the best source from which to take an additional water 
supply, because it would furnish by gravity, with the least delay 
and the least cost, a very large quantity of pure water; it would be 
a step in the right direction further to augment this supply with a 
practically unlimited supply of pure water at a comparatively small 
cost. This recommendation was the original proposal in the plan for 
the future development of the Ware and Swift Rivers. 

The principal features recommended for immediate construction 
were: a storage reservoir, by impounding the Nashua River; an aque- 
duct capable of conveying 360 mgd from the reservoir to the Sudbury 
watershed; another aqueduct, “Weston Aqueduct”, capable of con- 
veying 300 mgd from the Sudbury system to the Metropolitan Dis- 
trict; pumping stations for Chestnut Hill and Spot Pond, and a 
system of supply pipe-lines to various cities and towns comprising 
the District. 

The question of filtration was very thoroughly discussed at this 
time and it was concluded that, although an impure water could be 
rendered hygienically safe and of pleasing appearance—that is, clear 
and sparkling—treliance should be had in the first instance on a clean, 
unpolluted upland source, for which there was and still is a strong 
public preference. 

In the discussion of quality, the question of quantity is most 
important. The average runoff from our southern New England 
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streams yields about 1 mgd per square mile of drainage area but, 
to make this yield available in the drier months of the year, large 
storage is necessary. In addition to providing a reserve in periods of 
drought, large storage also greatly improves the quality of the water. 
The organic matter, which contains the food for most bacteria and 
which is carried into the reservoir from the tributary streams, be- 
comes ineffective. Sunlight and air have an opportunity to bleach 
and aerate the water when a large surface is exposed to the sun 
and wind. 

The first meeting of the newly created Metropolitan Water Board 
was held on July 19, 1895. Frederic P. Stearns was appointed Chief 
Engineer, while Dexter Brackett was appointed engineer in charge 
of distribution and Thomas F. Richardson engineer of the aqueduct 
department. Joseph P. Davis, formerly City Engineer of the city 
of Boston, and Alphonse Fteley, Chief Engineer of the new water 
supply of the city of New York, were selected as consulting engineers. 

Work started on the Wachusett Aqueduct in 1896. The first 
two miles of the aqueduct are a rock tunnel, followed by seven miles 
of masonry aqueduct, including a bridge over the Assabet River, 
and three miles of open channel. That portion consisting of the 
Assabet River crossing was replaced with the construction of an in- 
verted siphon during this year, due to excessive leakage of the struc- 
ture. The tunnel section is lined for about one-half its length with 
brickwork, 12 in. thick, and, where lined, is 12 ft 2 in. wide and 
10 ft 10 in. high. The masonry section is 11 ft 6 in. wide and 10 
ft 6 in. high, of horseshoe shape. The open channel is 20 ft wide 
on the bottom, with sloping sides. 

The first contract awarded by the Board, on February 14, 1896, 
was for the construction of the Wachusett Aqueduct. Water was 
first turned from the Nashua River into the completed aqueduct on 
March 7, 1898, fifty years ago. Metropolitan Boston, therefore, cele- 
brates a double anniversary during this year of 1948. 

The Wachusett Dam, located in Clinton, is a gravity-type struc- 
ture, 944 ft in length, including abutments at each end, crossing the 
valley of the river, with its top 20 ft above high-water level in the 
reservoir. Extending from the northwesterly end is a waste weir, 
452 ft long, over which the flood waters are discharged into a channel 
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excavated in rock, 1,150 ft long and falling 107 ft to the river below. 
The main dam is composed of rubble masonry, quarried about a mile 
from the dam, with a facing, where exposed, of ashlar quarried in 
Chelmsford, Mass. The height at the point of deepest excavation 
is 207 ft. the maximum thickness is about 185 ft and, under the 
projecting cornice at the top, the thickness is 22.5 ft. 

The North Dike, 10,000 ft long, and the South Dike, 2,800 ft 
long, were constructed of well-graded impervious materials, with cores 
of sheeting and concrete. 

The Wachusett Reservoir has a watershed area of 107.69 sq 
mi. It is 8.4 miles long, with a maximum width of 2 miles, an area 
of 6.5 sq mi, a shore line of 37 miles, and a capacity of 65,000 mil gal 
at elevation 395. The maximum depth of water is 129 ft and the 
average depth is 48 ft. 

The Wachusett Reservoir and Dam were substantially completed 
in 1906 and the reservoir was filled to a high-water mark for the first 
time on May 10, 1908. Generating equipment was installed in the 
lower gate chamber of the Wachusett Dam, and electric energy was 
produced for commercial use, for the first time, on August 10, 1911. 
This development of electric energy from a water supply was the 
first of its kind, as far as we are able to ascertain. 

At the beginning of the Metropolitan Water Board’s activities it 
purchased the various storage reservoirs and aqueducts of the Cochit- 
uate, Mystic and Sudbury systems from the city of Boston, as well 
as Spot Pond from the cities of Malden, Medford and Melrose. 

Metropolitan Boston had a water supply second to none in 1910. 
At that time the general assumption was that the then existing facili- 
ties and supply of pure and sparkling water would be sufficient to 
serve many generations to come. However, in 1919, less than ten 
years later, the State Legislature provided legislation for an investiga- 
tion of the water-supply needs of the Commonwealth relative to 
increasing the available supply. The joint boards of the State De- 
partment of Public Health and the Metropolitan District Commission 
were given the responsibility of making the investigations. 

Relative to the supply for the Metropolitan District, the recom- 
mendations that were submitted in this report of January, 1922, were 
based on the original proposals and recommendations of the report 
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of 1895, which stated that the chief reliance of the future water 
supply of the Metropolitan District was placed upon the use of the 
Ware and Swift Rivers. 

At this time the Metropolitan Water District included the city 
of Boston and 18 suburban cities and towns, as follows: Arlington, 
Belmont, Chelsea, Everett, Lexington, Malden, Medford, Melrose, 
Milton, Nahant, Newton, Quincy, Revere, Somerville, Stoneham, 
Swampscott, Watertown and Winthrop. 

The total population which the District served in 1920 was 
1,252,903, of which number 748,060 were included in the city of 
Boston. Examination of the census records at that time showed that 
the population had doubled in each period of 30 years, although for 
the 30-year period ending with 1920 the increase was about 89%. 
Therefore, an estimated population growth of 67% was assumed for 
the District for the next 30 years, ending with 1950. At the present 
time this figure will be closer to 50% . 

Much controversy arose at the time regarding the report. In 
May, 1924, a report of the legislative joint standing Committee on 
Water Supply was submitted. Further divided opinion evolved from 
this report, relative to the subject of additional water supply for the 
Metopolitan District. 

In August, 1924, an investigating commission was appointed by 
the Governor and it submitted its report in December of the same 
year. The investigating commigsion recognized the need of an addi- 
tional water supply and recommended the immediate appropriation 
of $27,500,000, to be used by a newly created authority or commis- 
sion in constructing the South Sudbury filters—population growth on 
the Sudbury watershed had created undesirable conditions in connec- 
tion with sanitation—to develop the Ware River supply, to make 
necessary land and property takings in the Assabet and Ipswich 
River watersheds for future needs, and to make further studies and 
report to the next Legislature upon the subject of a pressure tunnel 
for the distribution of water in the District. This plan was not 
accepted. 

The Metropolitan District Water Supply Commission was cre- 
ated by an Act of the Legislature in 1926 and was given additional 
power and duties in 1927. An appropriation of $65,000,000 was 
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made for the development of the Ware and Swift River watersheds, 
as recommended in the report of the joint board in 1922. Frank E. 
Winsor was appointed Chief Engineer and X. H. Goodnough, Chief 
Engineer of the Department of Public Health, and J. Waldo Smith, 
formerly Chief Engineer of the New York Board of Water Supply. 
were selected as consulting engineers. 

The Quabbin Aqueduct, 24.6 miles long, 11 ft wide, and 12 ft 
9 in. high, of horseshoe shape, with a capacity of 975 mgd, was built 
from the westerly portion of the Wachusett Reservoir in the town of 
West Boylston to the new Quabbin Reservoir. A diversion dam was 
built on the Ware River, as well as other works necessary to provide 
for the diversion of water into the Quabbin Aqueduct. That portion 
of the Quabbin Aqueduct required to divert water from the Ware 
River is about 13 miles long and was completed in 1931, to permit 
the diversion of water into the Wachusett Reservoir for the first time 
on March 20, 1931. In addition to diversion in this direction, water 
may be diverted from the Ware River intake works westward, to be 
stored in the Quabbin Reservoir. 

Quabbin Reservoir, about six times as large as the Wachusett 
Reservoir, was built in the valley of the Swift River, with a storage 
capacity of 412,000 mil gal at high-water elevation 530. It is 18 
miles long, with a water surface of 38.6 sq mi and a shore line of 118 
miles, and has a depth of 102 ft to the lower intake sill of the Quabbin 
Aqueduct. 

The main dam, called Winsor Dam for the late Chief Engineer 
of the Water Supply Commission, is 2,640 ft long, 170 ft high above 
the bed of the river, and 295 feet above the sound-ledge foundation. 
It contains 4,000,000 cu yd of selected earth fill above the original 
surface. A spillway, 400 ft long, with its crest at an elevation of 
530 ft above mean low tide, was cut through a rock gorge east of 
the dam and fixes the high-water elevation of the reservoir. 

Quabbin Dike, located about 3 miles east of Winsor Dam, is 
2,140 ft long, 135 ft high above the bed of the brook and 264 ft above 
the sound-ledge foundation, and contains 2,500,000 cu yd of earth 
fill above the original surface. Both dams were built with a concrete 
core-wall foundation to sound ledge and the fill embankments were 
built by the hydraulic-fill method, from borrow areas on land of the 
Commonwealth located below full-reservoir flow line. 
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The impounding of water in Quabbin Reservoir was begun on 
August 7, 1939, and on May 30, 1946, water reached the crest of 
the masonry spillway at elevation 528. On June 22, 1946, a celebra- 
tion was held, commemorating the filling of Quabbin Reservoir. 

With the completion of the Ware-Swift River development for 
the Metropolitan Water Supply, the Commonwealth of Massachusetts 
had constructed one of the greatest engineering projects undertaken 
in this part of the country (see Fig. 3). 

In 1938 an extensive report was made by the Department of 
Public Health, working in conjunction with the Metropolitan Dis- 
trict Water Supply Commission, relative to improvements in distri- 
bution and adequate prevention of pollution of sources of the water 
supply for the Metropolitan Water District. It dealt mainly with 
the pollution problems in the Cochituate, Sudbury and Wachusett 
watersheds, created by increased population and industrial activities 
on these watersheds. 

Several recommendations were made for the elimination of 
sources of pollution, which included the discontinuance of the regular 
use of water derived from the Cochituate and Sudbury watersheds, 
although use of the Cochituate supply for consumption in the Dis- 
trict ended during October, 1931. Another recommendation of the 
report was the immediate construction of a pressure aqueduct, by- 
passing the Sudbury system and connecting with the distribution sys- 
tem, with a long-range plan for a tunnel loop, which would rein- 
force existing supply mains, thereby eliminating considerable pumping. 

On the basis of these recommendations the construction of the 
‘pressure aqueduct, now known as the Hultman Aqueduct, was under- 
taken by the Metropolitan District Water Supply Commission. The 
Hultman Aqueduct was first placed in service during October, 1940, 
making it possible to bring water from the open channel of the Wachu- 
sett Aqueduct directly into the distribution supply mains for District 
consumption—a distance of approximately 18 miles. 

Now under construction is a portion of the proposed city tunnel, 
which starts at the terminus of the Hultman Aqueduct in Weston. 
This section will be approximately 5 miles long, ending at Chestnut 
Hill Reservoir in Brighton. When completed, existing pumping at 
Chestnut Hill for the Southern high-service distribution will be 
eliminated. 
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During 1947 the Legislature gave authority to the Metropolitan 
District Commission to transfer to the Department of Conservation 
certain reservoirs in the Cochituate and Sudbury watersheds that were 
no longer used for water-supply purposes. Included was Lake 
Cochituate, from which no supply had been taken since October, 
1931, as already mentioned. 

On June 30, 1947, the Metropolitan District Water Supply Com- 
mission was abolished and from it was created the Construction Divi- 
sion, with Karl R. Kennison continuing as Chief Engineer and Stan- 
ley M. Dore as Deputy Chief Engineer. All completed work was 
turned over to the Water Division of the Metropolitan District Com- 
mission for operation and maintenance. 

It is very interesting to note that the present vast system, capable 
of delivering about 300 mgd of water, has developed within a century 
from the Cochituate supply, which was originally planned to furnish 
less than 5% of the present supply. 

The Metropolitan District Commission is composed of William 
T. Morrissey, Chairman, William F. Rogers, Joseph McKenney, Max 
Ulin and John J. Grigalus. Approximately 471 civil-service employees 
carry out the duties required for the operation, maintenance and 
improvement of the water supply which is the responsibility of the 
Water Division, of which Harold J. Toole is Director and Chief En- 
gineer and Charles O. Clark is Deputy Chief Engineer. 

Numerous articles and papers describing details of the water 
supply of the Boston Metropolitan District have been presented in 


the past to this Association, many of which have been published in 
the JOURNAL. 
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ALGAE CONTROL AT DANBURY, CONNECTICUT 
BY ELLIS A. TARLTON* 


[Read March 17, 1949.) 


Two main systems of storage reservoirs, known as the West 
Lake and the Margerie Reservoir systems, supply Danbury through 
two similar 5-mgd rapid sand filtration plants. They are about equal 
in size, with a total storage capacity of about 3 billion gallons, and 
each main reservoir is supplied from three auxiliary reservoirs by 
gravity flow and by pumping, each serving about half of the city. 
The chemical and physical attributes, as well as the general treat- 
ment problems, of the two systems are quite different, although both 
are, in general, soft, colored surface waters. 

The industrial demands of the city determine to a large extent 
our method of operation. Since our pure-water storage is only about 
20% of the normal daily consumption and the demand during the 
day exceeds our treatment rate by about a third, we must operate 
so that, when our load comes on at 7:00 A.m., all filters are clean and 
all clear wells full. As plant design makes necessary a complete shut- 
down of at least an hour’s duration to backwash filters, filter runs 
must be at least 10 hours, during which time the filtration rate must 
not fall below a minimum of 1.6 gal per sq ft of filter area per minute. 

The felting and dyeing processes of our major industries demand 
a water free of color, turbidity, iron and aluminum, and with low 
pH and hardness, both held to a constant value. A weak floc, in- 
duced by large algae concentrations, will pass appreciable amounts 
of these interfering substances through the filters. Daily “blooming” 
of algae in our shallow reservoirs causes the raw-water pH to vary 
from 7.0 to 10.0 in a few hours. To insure safe operation and accept- 
able water quality, we have set up minimum standards for raw, treated 
and settled water at both our filtration plants, and control is merely a 
a question of operating so as to remain within these limits. 


*City Chemist, 34 Pleasant St., Danbury, Conn. 
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Copper sulfate, for algae control, is applied by hanging bags 
of the chemical over the sides of a motor-boat and following a 
systematic course to give adequate distribution. This is obtained by 
following the reservoir shore-line as closely as possible for the first 
circuit and then making each succeeding circuit 25 to 50 ft within 
the previous one. We have been able to apply a maximum dose, in 
one day, of 4,000 lb by this method in warm weather, and about 
2,500 lb in cold weather. We figure dosages from the total volume 
of water actually in the reservoir at the time of treatment, as com- 
puted from the original storage curves. Dosages range from 2 to 5 lb 
per mil gal. With each treatment of a given organism under similar 
conditions we attempt a lower unit dose. 

We have never experienced a treatment that was ineffective, al- 
though we have had to wait as long as 10 to 14 days for its full 
effect to be felt at West Lake. As our control keeps us well ahead 
of trouble, such a delay is not a cause for worry. Usually conditions 
clear up in one to two days at the Margerie Reservoir and four to six 
days at West Lake. 

Throughout the year we run weekly microscopic counts on the 
two main reservoirs, with counts daily or every other day during 
the critical months of June to October. Only five organisms are 
counted at the West Lake Reservoir, while at the Margerie Reservoir 
all organisms are counted and a careful watch is kept on the increase 
of any organism existing in appreciable amounts. Examinations of 
the auxiliary reservoirs are made occasionally, particularly before it 
is proposed to discharge one into the main reservoir. Such records, 
plotted on semi-log paper and interpreted in the light of past ex- 
perience with the individual reservoir, together with other factors of 
present conditions and future plans, take the guesswork out of opera- 
tions. By systematic biological examinations we are usually ahead 
of any taste and odor trouble. Waiting until a slight taste is detected 
in the filtered water makes it certain we shall experience one or two 
weeks of real taste and odor. This, of course, applies particularly 
to the West Lake supply. 

The Margerie system consists of the main storage, Margerie 
Reservoir, which is on the site of an old swamp and contains large 
shallow areas, with a depth at the deepest point—at the intake—of 
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only 20 ft, and into which the large East Lake Reservoir feeds by 
gravity. East Lake has no shallow or swampy areas and the algae 
record is good. Normally the entire output of this reservoir is used 
first. The so-called King Street Diversion poses another problem, 
as it has no storage but a large, swampy catchment area, capable of 
seeding the main reservoir. Even in very dry weather this has a 
yield of 1 to 2 mgd. Unless we have an emergency, it must be allowed 
to run to waste during the summer months. It is an ideal location 
for continuous copper-sulfate application, and we hope that we shall 
have the manpower to treat it in that way this coming season and 
maintain its flow into the Margerie Reservoir the year round. The 
third auxiliary supply is the small Padanaram Reservoir, which has 
little storage, but a large catchment area and a high yield during wet 
weather. Since the cost of pumping is involved, this is used only 
when all supplies are low, after a prolonged dry spell. 

The Margerie Filtration Plant, that treats all the water de- 
livered by this system, uses alum coagulation and has an effective 
battery of spray aerators, rapid mix, flocculators, well-baffled twin 
settling basins with a minimum detention period of 7.5 hr, and six 
filter units, all equipped with surface-wash equipment and two of 
them capped with Anthrafilt. Lime and Calgon are used for corro- 
sion control at a delivered-water pH of 8.0. Post-chlorination and 
ammoniation are used for sterilization, while provisions are made 
for pre-chlorination. A twin, mobile feeder unit has been a help in 
experimental feeding of various types of weighting agents, acid, am- 
monia, and silica at various points. 

The water has about twice the hardness and mineralization of 
the West Lake supply, high color and turbidity, and tremendous algae 
growths. It is not too corrosive, and the main problems in operation 
are providing a water that can be readily pretreated, so that no undue 
load is thrown on the filters, keeping the filters clean, and keeping 
odors down in the plant, so that effective chlorination without iodo- 
form tastes can be maintained. 

Since we are not bothered as much by taste and odor problems 
in the raw water at the Margerie Plant, as we do not pre-chlorinate 
and many of the tastes and odors readily filter out, and we have more 
equipment to attack the algae problem in the plant itself, we can view 
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algae control from a different angle here. That is, much of the time 
we can let growths continue that would swamp the facilities of the 
other plant. At the Margerie Plant we can take full advantage of 
modern equipment to achieve an economically balanced algae-control 
program. The West Lake supply we must continue to handle as if 
we were delivering directly to the city, without the benefit of a treat- 
ment plant. It is not economically justifiable to keep all algae growths 
in subjugation, when it is possible to handle them easily and cheaply 
at the treatment plant and deliver a clear tasteless water. 

This is particularly desirable, since the main Margerie Reser- 
voir is difficult to treat with copper by our primitive methods, due to 
the shallow areas, the stone walls running at random, the type of labor 
employed, and the fact that a new growth is well started a few days 
after one is successfully killed. Therefore, our plan of attack at 
Margerie has been to study algae counts carefully and to note whether 
one or more types predominate, what percentage of the total count 
they represent, and the rate of change from day to day of those types. 
As they increase, small daily adjustments in chemical feed, equipment, 
and operational methods keep pace with them, to maintain our pre- 
determined optimum conditions, such as a maximum turbidity of 2.0 
on the filters, a maximum pH of 6.7 in the treated water, minimum 
filter runs of 23 hr, minimum rates of flow of 70,000 gal per foot head 
loss per filter, and a minimum floc size in the last flocculator of 
2.0 mm. 

When we find the increase in the cost of chemicals and power to 
maintain the above conditions can justify an expenditure for copper 
sulfate, or the floc is ceasing to break in clear particles in the floccu- 
lators and is appearing in a greenish mist, or the pH cycle of the raw 
water, which has been ranging from 7.0 to 9.0 or 10.0 and recovering 
daily, holds its high peak through the second day, then we plan a 
copper-sulfate treatment immediately. Such control will average less 
than one treatment a month from July through October, for by pick- 
ing our spots in this manner we can deliver our killing blow at the 
last possible moment. 

Normally we obtain a large, fragile floc particle quickly, with- 
out agitation. Although the designer included flocculator equipment, 
its inclusion is not economically justifiable, as it is not needed to 
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build up a large floc particle, it is not used most of the time, and 
much of the time it actually reduces the particle size. However, we 
use the flocculators with certain growths—particularly Coelosphae- 
rium, Anabaena and other free floaters—for we find that, while we 
get a smaller, poorer floc, we get settled water of better quality— 
that is, lower turbidity and color applied to the filters—which is, after 
all, what is wanted. 

Jar tests are of little use, since the floc forms so readily that 
it is impossible to get results comparable to plant operation. It is only 
in times of trouble and winter operation, and in experimental work 
with coagulant aids using minimum alum dosages, that it is possible 
to draw worthwhile conclusions. 

One of the most interesting features of the Margerie Reservoir 
is the daily pH cycle resulting from the daily “bloom” of algae 
growths in hot sunny weather, which uses up the free and half-bound 
carbon dioxide in the process of photosynthesis. Normally a pH of 
about 7.0 will prevail for half a day, when a gradual rise to below 
8.0 will suddenly zoom to 9.0 or 10.0, as the growth reaches its 
highest point of logarithmic increase, holds this for two to three 
hours and drops off slowly, as the supply of carbon dioxide, released 
by the forces of decomposition, exceeds the demand and again de- 
presses the pH. 

In the early days of plant operation, nothing was known of the 
activity of these forces and the operators were continually puzzled 
by the sudden inexplicable shift to a settled water of poor quality. 
During the high peak of the pH cycle there was insufficient alum to 
lower the pH to the point of floc formation. If the algae growth is 
not checked, the daily variations gradually cease and a continuously 
high pH is found. With certain types of algae it has been found 
possible to continue operating without reservoir treatment, as long as 
costs are not excessive and there is no danger of losing control of 
floc formation. Subsequent to successful killing of a predominant 
organism we occasionally experience large growths of several types, 
reaching proportions of 5,000 to 10,000 v.s.u. Such large coinci- 
dental growths have usually been easy to pretreat, forming a fairly 
strong floc particle with moderate alum dosages. 

We have found that, while an increase of the alum coagulant 
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is required to handle an increase in algae concentration, the large 
dosages necessary at times of high pH are in large part merely for 
pH depression to the optimum range. Such lowering of the pH of 
the raw or settled water may also be achieved by bypassing the aera- 
tors and retaining in the treated water the carbon dioxide released 
by the alum application, or by treating directly with sulfuric acid. 
Fortunately, odor control by aeration is unimportant and, therefore, 
the aerators are usually bypassed at the first sign of high pH, until 
about one day after treatment. If left off, there would be a sudden 
increase in treated-water acidity as soon as the first effects of the 
copper sulfate were felt, which would necessitate an immediate in- 
crease in post-lime treatment, and this sudden increase in hardness 
would interfere with the time schedules in the felting process in the 
hat factories. We are about to install continuous pH-indicating 
equipment at four points in the plant, to give continuous pH values 
of the raw-water supply, water in the flocculators, applied water, 
and effluent, as well as equipment for accurately feeding sulfuric 
acid, to counteract raw-water changes immediately and maintain an 
optimum pH in the treated water. 

Although we understand trouble is met with in copper-sulfate 
treatment at high pH values, we have not yet experienced any. We 
continually get good killing in one to two days and complete dis- 
appearance of the organism in four to five days after having treated 
with 2 to 3 lb per mil gal at a pH of 8.0 to 10.0. 

After our first year’s experience with these high pH values, we 
made plans for using during the next season a ferric-sulfate coagulant, 
which operates best at such a high pH range. We had one month’s 
experience during a heavy run of Anabaena with a raw-water pH 
ranging from 8.0 to 9.0. Results were very poor. It was necessary 
to feed lime with the ferric sulfate, but it was impossible to keep the 
pH at a consistent level through the plant. Even though the pH after 
introduction of the iron coagulant was about 8.5, it would drop to 7.5 
on the filters and below 7.0 in the filtered water. The effluent aver- 
aged 1 to 2 ppm of turbidity, a color of 20 and an iron content of 
0.5 ppm, values as high as 1.0 ppm being obtained at times. Pre- 
chlorination of 1.0 to 2.0 ppm did not help the situation. A return 
to a high alum dosage immediately cleared things up. 
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Continuous copper-sulfate application to the plant influent looked 
promising, due to the quick reaction in floc formation always experi- 
enced within an hour or two of treatment of the main reservoir, but 
has failed of fulfilment. Dosages as high as 2.0 ppm of copper sul- 
fate had no effect. It is felt that the copper sulfate should be intro- 
duced at a point considerably in advance of the alum, so that the 
killing effect of the copper sulfate will be well underway before floc 
formation is begun. Our next attempt in this line will be at the in- 
take, where we shall have the benefit of a contact period in about a 
quarter of a mile of 30-inch pipe. 

Super-chlorination of the raw water was attempted two years 
ago. We had a strong growth of Coelosphaerium to work on at a pH of 
about 8.0, and had no difficulty in effectively killing the organism 
and changing the green color of the raw water to a drab grey, with 
a dosage of about 3 ppm. This gave a residual of about 0.5 ppm of free 
chlorine after contact in the settling basin. There was some improve- 
ment in floc formation and in the quality of applied and filtered water, 
but it was felt that a longer contact time with chlorine before alum 
application would be helpful here, too. Also, our filters were not in 
the best of condition at that time, as it was the end of a summer with 
our usual, ineffective, filter back-wash conditions, and the principal 
effect of the chlorine was to unload the filters, with consequent bad 
tastes and odors in the water. 

Since then, in anticipation of further experiments and to remove 
a dangerous situation, we have installed surface-wash equipment on 
all filters. We now have really clean filter sand at all times, without 
mud banks or signs of mud balls. Operation in the late summer and 
early fall was not safe with back-wash equipment that gave 30% 
expansion and a four-minute wash to a filter. An accumulated load 
of alum sludge and mud remained on the filter sand at all times. It 
increased during the summer and fall, and was never entirely removed 
during the better back-wash conditions existing in the winter. Part 
of our program of algae control was providing equipment to maintain 
our filters at maximum efficiency at all times, to safeguard the quality 
of the water, so that unexpected troubles would not find us with 
our equipment only partly effective. 

Another part of our algae-control program, that involved in- 
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creasing the filters’ efficiency, consisted of capping the filters with 
Anthrafilt—-a coarse filter medium that permits deep floc penetration 
of the filter instead of surface matting. So far, an experimental 
installation indicates that about double the amount of water may 
be filtered per foot of head loss, as compared with the other sand 
filters. This applies to both summer and winter conditions. We are 
only awaiting the end of our year’s trial, to see how the Anthrafilt 
layer has stood up, before capping all filters. 

Algae control at the Margerie Plant is not a factor of winter and 
spring operation. The summer months of July, August and Septem- 
ber, as well as the month of October, pose the main algae problems. 
Not yet have we had to treat for algae in the spring. Our only, fall 
problem is insuring good winter conditions and it is possible, from 
a study of the algae counts during November, to predict good winter 
conditions and thus avoid a last copper-sulfate treatment. 

Any discussion of algae control always brings up the question 
of their acquiring resistance to copper-sulfate treatment. The fact 
that we are today getting as good results with smaller dosages than 
used previously would seem to answer that in the negative. We are 
of the opinion that algae treatment of any kind, resulting in artificial 
conditions due to killing off growths of algae, will upset natural bio- 
logical equilibrium and will make subsequent treatments necessary. 
This is only true for deep reservoirs and where there is no seeding. 
Our East Lake Reservoir is a good example of natural equilibrium. 
Untreated and unseeded, it seldom contains more than a few diatoms. 

Subsequent to most treatments we run laboratory determinations 
on the amount of copper in the water. Traces will remain in the raw 
water for about five days. About one-half this amount reaches the 
filters. We have never yet discovered a trace of copper in the filter 
effluent. We have found that such information is valuable in contacts 
with industries, the medical profession, and occasionally the public. 

The West Lake system is made up of the main West Lake Reser- 
voir, which has no swampy tributaries and few shallow areas, and 
into which the Boggs Pond Reservoir flows by gravity. Boggs Pond 
is also fairly deep and is located in a heavily wooded area. As it is 
on the West Lake watershed, it is normally kept full and permitted 
to overflow. The two Kohanzie Reservoirs are shallow and water 
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must be pumped from them to the West Lake Reservoir. As they 
tend to seed West Lake with algae, they must either be used before 
a copper-sulfate treatment is scheduled or be treated before use. 
The total storage of this system is the same as the Margerie System— 
about 1,500 mil gal. 

The water is soft, of low mineralization, color and turbidity, 
and was used for years without any treatment other than chlorination. 
It was always famous, however, for its bad tastes and odors. Since 
the watershed is not heavily inhabited and all private sewerage sys- 
tems are inspected annually, and are under the control of the State 
Board of Health and the local Water Department, there are no dan- 
gerous health hazards. The main problems are taste and odor control, 
corrosion control, and maintaining economical filter runs. 

The West Lake Filtration Plant consists of two aero-mix units, 
giving some taste, odor and carbon-dioxide removal following alum 
coagulation, twin settling basins with 4.5 hours’ minimum detention 
time, six filter units operating at 2.0 gal per sq ft per min, pre- 
chlorination and post-chlorination, with Calgon used for corrosion 
control at a delivered-water pH of about 6.0. The pre-chlorination 
plant, which safeguards about 30 families still using raw water di- 
rectly, can be visited only once a day and so makes taste and odor 
control difficult, as the safe chlorine dosage for maximum flows gives 
super-chlorination dosages on the night flows, tending to unload the 
filter sand. So far, it has not been advisable to practice super-chlorina- 
tion and de-chlorination on a city-wide scale continuously, although 
considerable experimentation has been done. Other plant facilities not 
at present in use are lime and activated-carbon feed, and ammonia- 
tion. 

From the time the ice goes off in March a careful watch is neces- 
sary at West Lake, to keep ahead of taste troubles. With the first 
increase in water temperature we are apt to find Dinobryon present. 
Tabellaria, Asterionella and Synedra we carry through the winter with- 
out much change, assuming treatment was properly handled in the 
late fall. Usually one of the above will begin a slow increase, while 
the other growths remain static. The above diatoms will cause no 
taste trouble below 500 organisms per ml or filter trouble below 1,000. 
If they are in the ascendancy, we usually find treatment necessary 
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along in May with an appreciable increase in temperature. Dinobryon 
causes taste troubles at levels above 300 organisms per ml and will 
require treatment sometimes as early as the first week of April. 

By using activated carbon we can delay reservoir treatment for 
several weeks but, if carbon is applied at its most effective point— 
directly on the filters—we get a decrease in filter runs by one-half 
within a week. Carbon applied at the mid-point of the settling basins 
is not so effective and plugs the filters almost as quickly, while even 
very large dosages in the raw water are ineffective. Principally due 
to pre-chlorination, taste removal in the plant has not been successful. 

During our summer period of July, August and September we 
experience growths of Protozoa, Cyanophyceae and Chlorophyceae, but 
the above-mentioned four organisms continue as our problems. For- 
tunately, they do not increase rapidly and a maximum of two treat- 
ments during these months has kept conditions good. Our interest 
during this period is solely in taste control. Since the temperature 
of the water is at a maximum and our chlorine dosages are also at 
a maximum, this is our most difficult time to deliver a palatable water. 
It is mandatory that we now observe our maximum limits of algae 
concentrations for treatment. 

The fall period, from October to freeze-up in December, usually 
gives us our most active growths, but taste is not pronounced and 
we therefore treat only to give efficient filter runs. “In late November 
and early December our major effort is to prepare for winter opera- 
tion, so that we shall not be caught by algae growing under the ice, 
that will shorten filter runs and give tastes. If our so-called final 
treatment of about 2.5 Ib per mil gal is applied early in November, 
we are almost certain to have an upsurge of another algae growth 
before freeze-up. By holding off until late November before treat- 
ment, there will usually be no more growths, although we watch 
carefully until ice forms for such an increase in another type. In 
the past eight years this has happened twice. Once, after Asterionella 
treatment we neglected a new growth of Tabellaria as insignificant 
and suffered from a 50% decrease in filter runs the whole winter sea- 
son. On the other occasion, we killed off a similarly increasing 
Tabellaria growth and had practically sterile conditions, in so far as 
algae were concerned, the entire winter. 
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REPORT OF COMMITTEE FOR SURVEY OF GROUND- 
WATER SUPPLIES IN NEW ENGLAND 


This committee, consisting of a representative of each of the 
New England states and the U. S. Geological Survey, has attempted 
to gather available information concerning public ground-water sup- 
plies in the several states. Most of the aspects of the subject of 
“Ground-Water Supplies” suggested in the 1940 report of the Com- 
mittee on Committees have been covered to some extent in the pre- 
pared tabulations. 

A previous report, including similar tabulations, was submitted 
in 1941. These data have now been brought up to date. 

The tabulations have been made as similar as possible. All of 
the systems listed are classed as “public” and supply water to 25 or 
more customers throughout the year. 

There are many analyses that might be made of the tabulations 
and anyone with an interest in some particular phase of ground-water 
development will probably desire to make his own analysis of the 
information listed. It is believed, however, that some general sum- 
mary and comments may be of interest. 

There are over 300 water systems listed which are supplied 
wholly or in part from ground-water sources. These systems supply 
about 1,677,000 persons. 

A simple numerical listing of types of supplies used in the differ- 
ent states is shown in Table 1. The first three columns, showing types 
of wells, form a rough comparison of the depth of the water sources. 


Regarding depths—the maximum depths listed are:— 


Maine 560 ft 
New Hampshire 300 ft 
Vermont 450 ft 
Massachusetts 300 ft 
Rhode Island 750 ft 


Connecticut 650 ft 
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TABLE 1.—Types OF WATER SUPPLIES USED. 


Driven, 


tubular, Deep Combined Combined 

Dug wells gravel- drilled ground with 
State and springs packed wells sources surface 
Maine 11 9 7 4 4 
New Hampshire 19 9 0 6 7 ii 
Vermont 1 11 4 2 11 
Massachusetts 31 72 1 37 8 
Rhode Island 2 11 6 2 2 
Connecticut 9 2 14 9 11 


Total 73 114 32 60 43 


In recent years a number of gravel-packed wells have been de- 
veloped, usually to augment other sources, and therefore a comparison 
of types of new wells developed was made (see Table 2). The oldest 
gravel-packed well listed is in Portsmouth, N. H., and was constructed 
in 1922. This date, therefore, was taken as the start for this com- 
parison. New driven-well systems are listed as one, rather than 
counting the actual number of individual wells. It should also be 
noted that in almost all cases the new driven-well systems were addi- 
tions to existing driven-well fields. 


TABLE 2.—Types oF NEw WELLS DEVELOPED SINCE 1922. 


Dug or Deep Gravel- 
State springs Driven drilled packed : 
Maine 3 3 2 6 
New Hampshire 14 9 1 13 ; 
Vermont 1 3 8 10 f 
Massachusetts 21 73 0 46 s 
Rhode Island 3 5 8 Yi 
Connecticut 6 ‘ 


Total 48 


It will be noted that, while deep wells in rock are in the minority, 
there are a few of these with substantial yields, such as the wells of 
the Williamsville Water Co. in Killingly, Conn., with a yield of 250 
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gpm; Hazardville Water Co. of Enfield, Conn., with a yield of 150- 
200 gpm, and the Harrisville Fire District of Burrillville, R. I., with 
a yield of 192 gpm. 

There are some dug wells with high yields, such as the well of 
the E. Lyme, Conn., Water Commission with a reported yield of 1,100 
gpm; Campton, N. H., 500 gpm; Calais, Me., 970 gpm; Clinton, 
Me., 500 gpm; Needham, Mass., 520 and 690 gpm; Newton, Mass., 
690, 690 and 830 gpm; Wellesley, Mass., 520 gpm, and Attleboro, 
Mass., (2 wells) 1,040 gpm. Under favorable conditions this type 
of well may provide an inexpensive water source. 

No wells of the horizontal-collector type are listed. Several in- 
dustrial installations of this type of well have been made in New 
England and it is understood that at least one municipality is con- 
sidering the installation of this type of supply. 

It is recommended that operators of ground-water supplies keep 
records of water-table fluctuation and obtain as much information as 
possible on new well construction. The U. S. Geological Survey is 
interested in codperating with operators in increasing its program of 
periodic measurements of water levels in the New England States. 

Your committee feels that the tabulations in this report may 
provide a background for further studies, which might include the 
legal status of ground water in New England, recommendations for 
the construction and protection of various types of ground-water sup- 
plies, recommendations concerning yield tests and perhaps more de- 
tailed information on the treatment of ground water. A bibliography 
of reports on ground water in New England might also be attempted. 

The earlier work of former members of the committee, Joseph C. 
Knox of Massachusetts and Leonard W. Trager of New Hampshire, 
is gratefully acknowledged. 


Respectfully submitted, 


M. L. BRASHEARS, JR. 
A. HEALY 
VINCENT M. HyNEs 
Howarp H. Potter 
WALTER J. SHEA 
Epwarp L. Tracy 
(Signed) Leste K. SHERMAN, Chairman 
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Cc 


Treatment 


A 
Ac 


G 


Cc 
D 
T 
A 
J 


SUMMARY OF SYMBOLS UNDER VARIOUS COLUMN HEADINGS IN 


Estimated Population Supplied 


Type of Well 


Well ends in 


(These symbols were taken from “Notes Regarding State Directories of Water Treat- 
ment Plant Data,” U. S. Public Health Service, Cincinnati, O., May, 1941.) 


Type of Pump 
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ACCOMPANYING TABULATIONS 


= Winter 
= Summer 


Dug 
Driven 

Deep well in rock 
Gravel-packed 

= Spring 


= Sand 
= Gravel 
= Rock 
= Clay 


= Aeration 

Aeration, coke bed 

Filtration 

Filtration, slow sand filters 

Filtration, rapid sand filters 

Filtration, pressure filters 

Filtration, zeolite filter 

Disinfection 

Disinfection, by hypochlorite 

Disinfection, by chlorine 

Ammoniation 

Ammoniation, with gas 

Ammoniation, by ammonium compound 

Iron or manganese removal 

Chemical dosage for corrosive correction or water stabilization 

Chemical dosage for corrosive correction or water stabilization, 

by alkali feed for pH adjustment 

= Chemical dosage for corrosive correction or water stabilization, b: 
by feed of phosphate compounds 

= Chemical dosage for corrosive correction or water stabilization, 2 

by sodium silicate 


Gravity 3 
Centrifugal 3 
Displacement 

Turbine 

Air-lift 

= Jet 
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NEW HAMPSHIRE SURVEY OF GROUND WATER SUPPLIES 


Analyses 


Town Utility Remarks 


Population 
Supplied 
No. of Wells 
Location 
Ends in 
Date of 
Construction 
G.P.M. 
Treatment 
Type of 
Pump 


Alton Alton Water Works 
Alton Alton Water Works 
Bath Bath Village Water Co. 
Belmont Belmont Water Works 
Bennington Bennington Water Works 


| 


Auxiliary Supply. 
Free flowing well. 


3 Capacity of 
Pump—G.P.M. 


In valley of river 
On Hill 


Marsh, Silty Soil 
Lowland near Valley 
On Hill 


Diameter 
Well 


Z 
8 
Z 


Yield Test 
| 

& 
On 


& 8 4 &2 | Hardness 
| 


7’ 50’ 


Augmented by Surface 
Supply. 
55’x19’ 


52° 24" 


Campton Beebe River Supply . Foot of Hill 
Colebrook Colebrook Water Co. d River Bank 


oo 


Augments Surface 
Supply. 

Auxiliary Supply. 

Auxiliary Supply. 


Concord Concord Water Works : River Valley 
Conway N. Conway Precinct r Brook Valley 
Derry Derry Water Works . Brook Valley 
Dover Dover Water Works Sandy Plain 

Near Lake 
Epping Epping Water Works d River Valley 
Exeter Exeter Water Works 


18’ 

16’ (1-25")(9-45’) 

65’ 
47-54’ 

20’ (6-30")(2-42”) 

(1-30") 


vol 


Not in service yet. 


Augmented by Surface 
Supply. 
Farmington Farmington Water Works d Brook Valley 
Brook Valley 
Francestown Francestown Electric & Water Co. 5 J Hillside 
Franconia Franconia Water Works . Side of Hill 
Franklin Franklin Water Works 4 Foot of Hill 


HQ 


This source supplies 
50% of use. 
Gorham Gorham Alpine Aqueduct Co. 


Greenville Greenville Water Works d River Valley 


10’x15’ 10’ 
20’ 


So BHD DAS PO 


Hampton Hampton Water Works Co. -S (5D)(3G) 10’ 
Haverhill Haverhill Precinct é Sandy Plain 8’ 
Haverhill N. Haverhill Water Works 8’ 
Henniker Henniker Water Works . Foot of Hill 25’ 

Foot of Hill 6” 


1908-1937 &T 9 


1938 


1914 
1947 


Hill 


Hudson 
Lyme 
Marlboro 


Merrimack 
Merrimack 


Milford 


Hill Water Works 


Hudson Water Company 
Lyme Aqueduct Co. 
Marlboro Water Works 


Merrimack Company 
Shedd-Harris Mem. System 


Milford Water Works 


River Valley 


Brook Valley 


Hillside 


River Valley 
Foot of Hill 


Brook Valley 


& 
4 


24” 


D-2%4" 
18’x20’ 

10’x8’ 

18’ 2%” 


10’ 20x20’ 


45’ 


1940 
1895, 

G 1923, 1935 

1908-1928 


1934 
1934 


Gravity 
012 79 
02 150 
35 


42% 
12’ (1-18’)(2-30’) 
25’ 244” 
16’-52’ (19-214) 
(1-6) (1-144) 


Milford Milford Water Works Brook Valley 
Milton Milton Fire District Near Lake 
Nashua Pennichuck Water Works Brook Valley 


1889-1893 


G 
R 
G 
S 
G 
&G 
G 
G 
G 
R 
G 
G 
Cc 
G 
Cc 
G 
G 
& 
R 
R 
G 
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Free flowing wells 
& springs. 
Plymouth Plymouth Water Works 
Portsmouth Portsmouth Water Works 
Portsmouth Portsmouth Water Works 
Portsmouth Fortsmouth Water Works 
Portsmouth Portsmouth Water Works 
Portsmouth Portsmouth Water Works 
Portsmouth Portsmouth Water Works 
Raymond Raymond Water Works 
Rollinsford Salmon Falls Water Co. 
Somersworth Somersworth Water Co. 
Tamworth S. O. Kimball Supply 
Wakefield Sanbornville Water Works 
Walpole Walpole Water & Sewer Co. 
Walpole N. Walpole Precinct 
Whitefield Whitefield Village Fire Dist. 


River Valley 
Sandy Moraine 
Sandy Moraine 
Sandy Moraine 
Sandy Moraine 
Sandy Moraine 
Sandy Moraine 
River Valley 
Brook Valley 
River Valley 
River Valley 
Brook Valley 
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70’ 1935-1939 
7’ 1937 
18’ 1939 


Brook Valley 20’ 1940 
Brook Valley ry 


Hillside 4A &3D (D8’-12’) 1935 
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300’ 
= 145 .009 10’ 
600 60’ 
500 038 
1930-31 1,500 0.10 10 64 8 — 1,000 
1928 17. 68 7 -108 100 
1909-1940 0.15 6 63 37 .225 550 
1940 970 «1.0 37 750 870 
‘ 1947 350 00 20 62 2 — 350 Po 
1927 0.4 079 147 
2 66 D = 6 
1,530 
: 0.00 45 7.4 4 — G 
40 005 711 03 G 
0.05 «18 «#268 ¢ 165 
0 67 036 150 
| 400 45’ = 0.15 27 6.7 7 — 150 
2,500 2D Ss 0.10 34 #64 2 — D 180 
350 7 9 0.10 19 64 20 — 
245 012 10 P| 1.20 25 66 18 A,F D 
400 02 1 0.05 50 3 — 
1 200 0.05 24 68 7 A,F 
250 64 15 
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City or Town 


Burrillville 


Glendale New Village 


Burrillville 
Harrisville 
Burrillville 
Mapleville 
Burrillville 
Mohegan 
Burrillville 
Oakland 
Burrillville 
Oakland-Remington 
Burrillville 
Pascoag 
Cumberland 
Lippitt Estates 
East Greenwich 


Exeter 


Owner 


Population 
Supplied 


Consumption 


Present 
MGD 


Number 
of Wells 
Location 


of Well 


Type 


Diameter— 
Inches 
ends in 
Date of 


Analyses 


Construction 
M 


Yield Test 


Hardness 


Treatment 
of Pump 
Present Daily 


Type of 
Pump 
Capacity 
G.P.M. 


Remarks 


Harrisville Combing 
Mills, Inc. 

Harrisville Fire District 

Stillwater Worsted Mills, 
Inc. 

Wanskuck Co. 

Oakland Worsted Co. 

Mrs. Earle Robinson 

Pascoag Fire District 

Anderson & Barley 

New England Water, Light 


& Power Ass’n 
State of Rhode Island 


Isolated 


Tsolated 


Near brook 
Not Isolated 


Near River 
Near River 


Not Isolated 
Not Isolated 


Isolated 


Near Pond 


Isolated 


River Bank 


Isolated 
isolated 


Q 


>) 


w 
“I 


N 


Nw 


So Ww 


yay 


Hopkinton Richmond Lace Works, Inc. d Not Isolated 
Alton 


New Shoreham Est. of E. S. Payne E Near Edge of 
Block Island - Isolated Pond 
North Kingstown North Kingstown ane Isolated 

Water Commission 
Forestdale Pump Co. J Isolated 


Well supply is augmented by 
pond water in summer. 


a a 


North Smithfield 
Forestdale 


Smithfield Northwestern Water Co. - Isolated 
Greenville-Greenlake 
Smithfield Francis Foti d Not Isolated 
Greenville Terrace 
South Kingstown 
I. State College 
South Kingstown New England Water, Light 
Wakefield & Power Ass’n 
Tiverton North Tiverton Fire 
North Tiverton District 
Warwick & Coventry New England Water, Light 
& Power Ass'n 
Westerly Bradford Dyeing Ass’n 
Bradford 
Westerly Town of Westerly Isolated low 
Bradford Area Near River 
Westerly Town of Westerly Isolated low k 1897 
Westerly Area Near River 1943 


State of Rhode Island Isolated 


aA 


to 


Isolated 


< 


Isolated in Valley 1928 
1937 
1941 
1945 


1913 


Well field often flooded with 
surface water. 

Well supply is augmented by 
pond. 


Isolated 


Near River, Isolated 


1937 


3 


A 
G 
A 
A 
D 
A 
G 
T 
G 
T 
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aS 


Symbols Under Various Column Headings 
Estimated Population Supplied Type of Well Well ends in Treatment Type of Pump 
W—Winter D—Dug S—Sand D —Disinfection C—Centrifugal 
S—Summer T—Driven G—Gravel Dh—Disinfection by hypochlorite D—Displacement 
E—Employees A—Deep well in rock R—Rock De—Disinfection by chlorine T—Turbine 
G—Gravel packed K —Chemical dosage for corrosive 
correction or water stabilization 
Kp—Chemical dosage for corrosive 
correction or water stabilization 
by alkali feed for pH adjustment 


Does not include supplies serving fewer than 100 persons. 
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5,000 12 3 2 6" 1940 1,100.12 
169-E 1 200 6” R 1926 80 0.00 37 7.2 55 Dh 35.015 
469 
60-E A 95 1905 18 040 34 68 12.014 
260 
180-E .015 1 A 160 6” R 1911 30 0.10 «432 32 100.01 
360 1 A 230 1916 
150 015 2 D 22 30” G 1910 0.05 45 «55 65 21.015 
1930 
3,500 195 1 7 G 46 12” | 1942 250 0.05 33 59 35 De 250.195 
120-W T 30 1937 2.00 91 66 28 Dh 80 
200-S 
G 118 12” 2,000 2.0 
— 1,000 09 1 D 17 2” 09 
1 r= 46 
. 1942 0.10 18 7.0 25 Dh,Kp 1-D 18 
750 10” 10.03 
125  .005 
0097 
259 
0.05 32 68 3 DhK 55 
625.11 : 
1,260 1.75 
0.00 38 61 23 150.13 
875 0.00 2 59 24 03 
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PROCEEDINGS. 


PROCEEDINGS 

FEBRUARY 1949 MEETING 

Hote. STATLER, Boston, Mass. 
Thursday, February 17, 1949 


President Arthur C. King in the Chair. 

Secretary Knox announced the election of the following new 
members: Nathaniel Clapp, Project Engineer, Metcalf & Eddy, Bos- 
ton, Mass.; Arthur L. Dopmeyer, Sanitary Engineer Director, U. S. 
Public Health Service, Boston, Mass.; Martin J. Markham, Engineer, 
Department of Public Works, Stoneham, Mass.; Minot P. Second, 
Superintendent, Water Department, Winchester, N. H.; Edwin J. 
Titsworth, Koppers Company, Inc., Boston, Mass.; Leonard H. 
White, Professional Engineer, Worcester, Mass.; Mathew D. Sul- 
livan, Assistant Superintendent, Water Department, Fall River, Mass. 

A paper on “The New Year’s Flood of 1949 in Western Massa- 
chusetts” was read by Angelo Iantosca, Junior Sanitary Engineer, 
Massachusetts Department of Public Health, Boston, Mass. 

A paper on “Effects of Municipal Water Treatment on Boiler- 
Water Conditioning” was read by J. N. Welsh, Director of Engineer- 
ing Service, Hall Laboratories, Inc., Pittsburgh, Pa. 


Marcu 1949 MEETING 
Hore. STATLER, Boston, Mass. 


Thursday, March 17, 1949 


President Arthur C. King in the Chair. 
PRESIDENT KING. I am sorry to announce the death during 
the past month of one of our members, and I shall ask you please to 
rise for a moment, in respect to the memory of Ernest J. Sullivan. 
[The members stand. 

Ernest J. Sullivan, Assistant Sanitary Engineer of the Massa- 
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chusetts Department of Public Health, died on February 21 at the 
age of 52. He had been an active and enthusiastic member of the 
New England Water Works Association since 1934, and was very 
well esteemed by all who knew him. Ernest Sullivan was a native of 
Maine, graduated from the University of Maine, and also attended 
the Harvard Graduate School of Engineering. His engineering career 
began with Weston & Sampson, followed by 27 years of service 
with the Massachusetts Department of Public Health. 

The Secretary has some announcements to make. 

SECRETARY Knox. At the Executive Committee meeting this 
morning, nine new members were admitted to membership, as follows: 

Members: Charles A. Duffy, Inspector, Water Department, Bos- 
ton, Mass.; Chester H. Minehan, Assistant Hydraulic Engineer, U. S. 
Geological Survey, Boston, Mass.; Richard J. Kelley, Inspector, 
Water Department, Boston, Mass.; Albert P. McCann, District Fore- 
man, Water Department, Boston, Mass.; Nathan S. Bubbis, General 
Manager, Greater Winnipeg Water and Sanitary Districts, Winnipeg, 
Manitoba, Canada; Wilbur H. Dewey, Superintendent, Biddeford & 
Saco Water Co., Biddeford, Me.; Ernest H. Ebert, Superintendent, 
Water Department, North Attleborough, Mass.; Charles Y. Hitch- 
cock, Jr., Project Engineer, Metcalf & Eddy, Boston, Mass. 

Associate Member: General Painting and Maintenance Corp., 
Boston, Mass. 

PRESIDENT KiNG: According to the Constitution and By-Laws 
of the Association, at the March meeting we have to elect a Nominat- 
ing Committee. That committee is charged with the duty of sub- 
mitting a list of candidates for officers for the ensuing year. I await 
your pleasure. 

Ricuarp H. Et.is. I move that the Nominating Committee 
consist of the five latest Past-Presidents, excluding those on the 
Executive Committee, and that they be Horace L. Clark, Chairman, 
Leland G. Carlton, Francis H. Kingsbury, Karl R. Kennison and 
Harold W. Griswold. 

STEPHEN H. Taytor. I second the motion. 

(Upon motion duly made and seconded, it was voted that the 
nominations be closed. The question was then put and the motion car- 
ried, and the Past-Presidents named were declared elected as a Nom- 
inating Committee. ) 
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PRESIDENT KING. Upon the suggestion of Walter C. Conroy 
that the Association provide an award in addition to the Dexter 
Brackett Memorial Award for a meritorious paper, the matter has 
been considered by a committee, which has reported to the Executive 
Committee. The purpose of such an award—which is to be known 
as the Commemorative Award—is to give due recognition to the paper 
which is adjudged as the next most meritorious to the Dexter Brackett 
Memorial Award, and it will perpetuate the memory of members prom- 
inent in the water-works profession. 

In this connection, suggested rules governing the Commemorative 
Award have been drafted for your consideration, and I shall now ask 
the Secretary to read those rules, prior to taking a vote as to the 
establishment of the Commemorative Award and the adoption of 
the suggested rules governing the award. 

SECRETARY KNox reads the suggested rules. 

PRESIDENT KING. The first question is on the establishment of 
this Commemorative Award. Is there any discussion? 

(Upon motion duly made and seconded, it was VotTep that a 
Commemorative Award be established by this Association.) 

PRESIDENT KiNG. The next question before the Association is 
the establishment of the suggested rules governing this award, as just 
read by the Secretary. Is there any discussion on that? 

LINN H. ENstow. Gentlemen, I am probably very much out 
of order in discussing this matter before you, but I would like to 
suggest to the Committee that, in addition to the award of these fine 
books, they add a certificate which the recipient can frame and hang 
in his office. 

Tuomas R. Camp. I would like to move that the rules be 
adopted with the amendment to include a certificate. 

Percy A. SHAW. I second the motion. 

PRESIDENT KING. You have heard the motion, that the rules be 
adopted with an amendment to include a certificate as well as the 
books. 


(The question was put and the following amended rules were 
adopted. ) 
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RULES GOVERNING THE COMMEMORATIVE AWARD 


Committee on Awards 


1. The Committee on Awards for the Dexter Brackett Memo- 
rial Medal shall also recommend the recipient of the Commemorative 
Award for the previous year. 

2. Those papers considered by the Committee on Awards which 
shall remain after the selection of the Dexter Brackett Memorial 
Medal paper shall be eligible for the Commemorative Award. 

3. The Committee shall report its recommendations to the 
Executive Committee on or before August 1, and the award shall be 
made by the Executive Committee. The announcement of the award 
and the presentation thereof shall be made at the Annual Convention. 


Rules for Award 


1. Competition for the award shall be restricted to the members 
of the New England Water Works Association. 

2. The award shall consist of a book or books, of a value not 
exceeding fifteen dollars, to be selected by the Committee on Awards, 
who may consult with the recipient as to his desires in the matter. f 
The book or books shall be suitably inscribed on the flyleaf with the ‘ 
name of the recipient, the title and date of presentation of the paper 
in consideration of which the award is made, together with the name 
of the member or members of the Association whose interest in the 
particular field of the profession treated in the paper is commemorated : 
by the award. A suitably inscribed certificate of the award shall be 4 
presented to the recipient. 

3. The Commemorative Award shall be made for the most 
meritorious of the papers eligible therefor. Due consideration shall j 
be given to the applicability of the content to general water-works 3 
problems and practices. ; 


PRESIDENT KING. We now come to a very pleasant duty and 
pleasure, which is not of frequent occurrence, and that is the presenta- 
tion of honorary membership to one of our valued members. 

E. Sherman Chase has been a member for quite some years. He 
has always been very active and prominent in our work, and I am 
sure that all the time his thought and work has been with the good 
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of this Association in mind. He joined this Association on September 
7, 1920. He was President in 1933-1934. 

Mr. Chase was educated in the Merrimack public schools and 
the Massachusetts Institute of Technology. He has been actively 
engaged in his profession of sanitary engineering since 1907. His 
first association was with Professor L. P. Kinnicutt at Worcester 
Polytechnic Institute in 1907-1908; then with Hering & Fuller. From 
1913 to'1920 he was Assistant Sanitary Engineer with the New York 
State Department of Health. From 1920 to 1927 he was Sanitary 
Engineer with Metcalf & Eddy and since that time has been a partner 
of that firm. 


Mr. Chase has served on many program, war-time and other 
committees of this Association. Probably his most noteworthy con- 
tribution to this Association and to the water-works fraternity has 
been his sponsorship and successful development of the plan for co- 
operation and interchange with the Institution of Water Engineers 
in Great Britain. He has recently been elected to honorary membership 
in the Institution. 

I think it is particularly fitting that we should present him with 
honorary membership in this Association at this time, inasmuch as 
in the near future he is to visit over there, and I am sure we shall 
be glad to have him go as an honorary member of this Association. 

Mr. Chase, it is a very great pleasure to me to be able to present 
you with this certificate and to say that we are very happy to have 
you as an honorary member of this Association. [Applause.| 

E. SHERMAN CHASE. Mr. President and fellow members: It 
would be foolish for me not to admit frankly that I am most pleased 
and gratified with this action on the part of the Association. I think 
without exception it is one of the pleasantest experiences of my life. 

The New England Water Works Association has had a very 
long and very distinguished career, and that alone is sufficient to 
make one very happy indeed to be made an honorary member of it. 
But, more than that, the New England Water Works Association 
stands for friendship, and it is the friendships that we have made and 
are making in this Association that are to me the most important 
part of membership in this Association. 
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From the bottom of my heart I thank you most sincerely. 
[ Applause. | 

Percy R. SHAw. I would like to move that Mr. E. Sherman 
Chase be commissioned by the New England Water Works Associa- 
tion to take the cordial greetings of this Association to the Institution 
of Water Engineers at their meeting in England this summer. 

[The motion was duly seconded. | 

PRESIDENT KING. The motion is that Mr. Chase be instructed 
to take the greetings of this Association to the Institution of Water 
Engineers, when he visits England. Is there any discussion? 

[The question was put and the motion was carried.] 

I am sure that Mr. Chase will be glad to do that. 

A paper on “Algae Control at Danbury, Connecticut,” was read 
by Ellis A. Tarlton, Chemist, Water Department, Danbury, Conn. 

A paper on “Some Problems in Water-Works Construction” was 
read by Ralph H. White, R. H. White Construction Co., Auburn, 
Mass. 

A paper on “Ground-Water Supplies in Boston and Vicinity” 
was read by Henry N. Halberg, Engineer in Charge, U. S. Geological 
Survey, Boston, Mass. 


ROSTER OF SANITARY AND PUBLIC HEALTH ENGINEERS* 


The following is of importance to all sanitary and public health 
engineers: 

Efficient utilization of our national resources, both human and 
otherwise, is difficult during periods of national emergency. Criti- 
cism has been directed against the federal government and its agencies 
for the inefficient use of sanitary and public health engineers during 
World War II. 

The National Security Resources Board is charged with the 
responsibility of planning for the efficient use of our national re- 
sources in any emergency. James A. Crabtree, Medical Director, 
U. S. Public Health Service, has been assigned to the NSRB to 
develop methods for the best utilization of medical and public health 


*Reprinted from American Journal of Public Health, Vol. 39, No. 3, March, 1949. 
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personnel and facilities. One of the first goals of Dr. Crabtree’s 
Medical Division is the preparation of comprehensive rosters of pro- 
fessional personnel. Should another national emergency arise, these 
rosters will be used in developing programs that will assure the best 
use of all professional people. 

Arrangements have been made with the American Public Health 
Association, through the Engineering Section Project, for the prepara- 
tion of a roster of all sanitary and public health engineers in the 
United States, other than those in federal service. The magnitude 
of this task can be appreciated when it is realized that there is no 
comprehensive list available similar to the membership list of the 
American Medical Association, the American Nursing Association, 
or the American Dental Association. Neither are there state pro- 
fessional registers such as exist for physicians, nurses, and dentists. 

Lists of engineers are now being prepared from membership 
lists of the various professional and technical societies. The Confer- 
ence of State Sanitary Engineers has volunteered its active support 
and assistance. Other organizations and even individuals are being 
asked to help. Questionnaires will be sent out to individuals in the 
near future. Prompt return of the forms is requested. It will be 
to the advantage of each engineer to assure his proper classification 
so that proper use of his training and experience can be obtained. Any 
engineer not receiving a questionnaire by July 1 should communicate 
directly with the 


Engineering Section Project 
American Public Health Association 
1790 Broadway 

New York 19, N. Y. 


so that his name can be entered on the roster and he be furnished with 
a copy of the questionnaire. 

Undoubtedly there are individuals professionally qualified in 
sanitary or public health engineering who are not now actively en- 
gaged in that field. Since they may not belong to any of the more 
important professional or technical engineering societies they may not 
see this notice. You are urged to advise the Engineering Section 
Project of the names and addresses of such people. 
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Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Richard Hazen G. G. Werner, Jr. 
Investigations, Reports, Plans, Supervision of 
Construction and Operations, Appraisals and 
Rates. 
25 West 43rd St. New York 18, N. Y. 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER COMPANY 
ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Penstock Gaugings 


50 Church Street 


New York City 


Edward F. Hughes Co. 
Water Works Contractor 


Gravel, Artesian and Driven Wells 
Foundation Borings 


53 State St., Boston 


Cement Lined Service Pipe 


Cement lined pipe has eliminated 
corrosion and metal contamination 
for 60 years. 


Write for Literature 


Cement Lined Pipe Co. 
Lynn, Mass. 


WHITMAN & HOWARD 
Engineers 


Established 1869 


Investigations, Designs, Estimates, 

Reports and Supervision, Valua- 

tions, ete., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


PIERCE - PERRY CO. 


Wholesalers of 
Water Works Brass Goods. 
Byers Wrought Iron Pipe. 
Youngstown Steel Pipe. 
Valve and Service Boxes. 
236 Congress St., Boston, Mass. 
Telephone, Hancock 7817-7818 


C. Reppucci & Sons, Inc. 
General Contractors 


Ground Water Supply 
Gravel Packed Wells Driven Wells 
Water Works Reservoirs 
Drainage and Sewerage Works 


10 Garden Court St., Boston, Mass. 


(Tel. Lafayette 7330) 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - KIRkland 1438 
Cambridge, Mass. 


LAYNE - NEW YORK CO. 


Inc. 
SUCCESSORS TO 
Layne-Bowler New England Corp. 
Well tong Supply Contractors 


England Headquarters 
15 Ryder ion Arlington, Mass. 
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RSEY MANUFACTURI 
COMPANY 


HERSEY COMPOUND” 
works official who has usedthem. | 
SOUTH BOSTON, MASS. 


Belt-Type Gravimetric Feeder Bulletin 24-27 
Loss-in-Weight Gravimetric Feeder Bul. 20-23 


Universal Feeder Bulletin 1-4 
Precision Solution Feeder Bulletin 9-12 
Groove Dise Feeder Bulletin 61-64 
Rotodip Solution Feeder Bulletin 46-49 
Rotolock Feeder Bulletin 50-53 
Dust Collectors Bulletin 42-45 
Laboratory Stirrers * Chemical Elevators 
Write for Bulletins 


OMEGA MACHINE CO. 


(DIVISION OF BUILDERS IRON FOUNDRY) 
63 CODDING ST., PROVIDENCE 1, R. I. 
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ADVERTISEMENTS. 


The meter used by thousands 
of muncipolities in the U S. 
ond 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

which make Worthington-Gamon 

Watch Dog Water Meters first choice of so many 
municipalities and private water companies 

in the United States 


WATCH DOG WATER METERS 
"Watch Dog” models .. . mode in standard copocities from 
20 gpm vp: frost-proof and split cose in household sizes. Disc 
type. Turbine type or Compound type. Write for Sulietin. 


WORTHINGTON-GAMON 
METER COMPANY 
296 South Street, Newark 5, New Jersey 
Subsidiary of 
WORTHINGTON 


PUMP AND MACHINERY CORPORATION 
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Modern ports fit this old Trident Meter perfectly 


A Modern Measuring Chamber brings 


Mew life te Old “Tridente 


When you replace an old Trident 
Measuring Chamber with a -new 
one, you put into your OLD meter 
all the advantages that are built 
into the Measuring Chamber of 
NEW Trident Meters. For the re- 
placement Chamber is identical 
with the Chamber used in new 
Tridents. Thus the test of your old 
repaired meter will approach new 
meter accuracy. But interchange- 
ability means more than this. 


With a small supply of modern 
arts you can extend the service 
ife of most old‘Chambers. Worn 

slots in old Chambers may be re- 
aired by fitting them with Thrust 
oller Plates. Disc pis- 
tons and component parts are also 
interchangeable. 

Buy Trident Meters for TRUE 
standardization, which you can get 
only through complete inter- 
changeability. 


NEPTUNE METER COMPANY ¢ 50 West 50th Street ° NEW YORK 20, N.Y. 
Portland, Ore., 
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Denver, Dallas, Kansas City, Lovisville, Atlanta, Boston, 
NEPTUNE METERS, LTD., Long Branch, Ont., Canada 
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Before cleaning 4 


After cleaning 
cleaning head through pipe. 


Just 30 years ago the water mains of the city of Toledo, Ohio were 
successfully cleaned by National. 

In 1945 a five year program to clean and recondition the entire water 
main system of Washington was begun and National in conjunction with 
the Centriline Corp. was successively awarded the cleaning contracts 
for 1945, 1946, 1947, 1948, and 1949, — in short, all the cleaning jobs 
to date! 

It was because of that unusual record that Toledo’s progressive water 
works department has again selected National to clean its entire water 
main system—a program that will take over five years to complete. 


Tests made on those lines already cleaned by National indicate higher 
pressure and increased carrying capacities, resulting in greater fire pro- 
tection for Toledo's outlying districts. 


There’s no obligation to have a National engineer estimate the cost 
of cleaning your lines. Why not write today! 
30 


NATIONAL WATER MAIN CLEANING CO., 50 church st, N.Y. 7, LY. 


ATLANTA, GA., 333 Candler Bldg. @ ATLANTA, GA., 1221 Mortgage Guarantee Bldg. 
BOSTON, MASS., 115 Peterboro St. e CHICAGO, ILL., Room 1336, 122 So. Michigan Avenue 
FLANDREAU, S. D., 315 No. Crescent Street @ KANSAS CITY, MO., 422 BMA Bldg. 
LITTLE FALLS, N. J., Box 91 e LOS ANGELES, CALIF., 448 So. Hill Street e OMAHA 5, 
NEBR., 3812 Castellar Street e RICHMOND 19, VA., 210 East Franklin Street e SALT LAKE 
CITY, UTAH, 149-151 W. Second South St. e@ SAN FRANCISCO, CALIF., 681 Market St. 
SIGNAL MOUNTAIN, TENN., 204 Slayton Street @ WACO, TEXAS., P. O. Box 887 
MONTREAL, 2028 Union Avenue € WINNIPEG, 576 Wall Street - HAVANA 
MAYAGUEZ, PUERTO RICO € BOGOTA © CARACAS © MEXICO CITY 
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ADVICE from your Electric Company 


Within the Boston Edison Company is a staff of experienced men 
thoroughly qualified to give you advice on any branch of our 
electric service. 


Whether you are interested in better lighting — air conditioning 
— industrial heating — commercial cooking or any other electrical 
improvement the assistance of these men is available to Boston 
Edison customers without cost or obligation. 


Call or write to the 


Electric and Steam Sales Department 
39 Boylston Street, Boston HAncock 6-3300 


soston EDISON company 


ATTENTION 
IS THIS JOURNAL PROPERLY ADDRESSED? 


If not, please send this notice to the Office of the Secretary, 204 


Tremont Building, Boston, Mass., giving the correct information. 


Name 


Title 


Dept. or Company Street and Number 


City State 
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TESTED FOR 
OVER 30 YEARS 


For more than thirty years water works superin- 
tendents have been using Hydro-tite for joining 
bell and spigot pipe. They have found that this 
self-caulking, self-sealing compound costs less to 
buy, requires less labor, makes tighter joints and 
withstands the effects of time, strain and vibration. 
Send for data book and sample. 


Always use Fibrex, the bacteria-free packing for 
pipe joints. Send for sample. 


Y DEVELOPMENT. CORPORATION 


‘Main Sales Office: 50 Church St, New York,N.Y. 
RWorks: Wéat\Medford Station, Boston, Mass. 


| HYDRO-TITE 
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HERE’S .PUMPING SERVICE 


IN 


One of the two Fairbanks-Morse motor driven Centrifugal pumping units 
in HUDSON, Mass., Municipal Pumping Station. 


Town officials at Hudson, Mass., are 
pleased with the “Undivided Respon- 
sibility” they have obtained through 
the team-work of their Fairbanks- 
Morse Pumps, driven by Fairbanks- 
Morse Motors. 


When additional gallonage became 
necessary to supply the increased 
population and care for industrial 


expansion, the Town of Hudson drove 
a well field and installed two Fair- 
banks-Morse Centrifugal § Pumps, 
driven by Fairbanks-Morse Motors. In- 
stalled by the R. P. Hall Company of 
Boston, these Pumps are now giving 
Hudson low-cost Pumping efficiency. 

A trained Fairbanks-Morse Engi- 
neer is on call to help solve YOUR 
Pumping problems. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue 


Boston 10, Massachusetts 


Telephone: Lafayette 3600 
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FOR FLOW 
MEASUREMENT 
AND CONTROL 


LIQUIDS: DRY MATERIALS 


You can trust the accuracy and dependability of Builders Instruments on 
every job. This modern equipment for water works is the product of over 
a half century of uninterrupted research and development. For Bulletins 
and engineering information, address Builders-Providence, Inc. (Division 
of Builders Iron Foundry), 26 Codding St., Providence 1, R. I. 


PHONE 
Providence, GAspee 1-4302 or Boston, Liberty 2-7171 


BUILDERS PRODUCTS 


THE VENTURI METER © TYPE M SUPER-ACCURATE FLOW METERS 
FLO-WATCH MECHANICAL FLOW METERS © PROPELOFLO METERS 
CHRONOFLO TELEMETERS © CHRONOFLO ELECTRIC FLOW METERS 
CHRONOFLO CONTROLLERS © CHLORINIZER—CHLORINE GAS FEEDERS 
KENNISON OPEN FLOW NOZZLES ¢ SIGHTFLO INDICATORS 
CONVEYOFLO CONTINUOUS WEIGHING SCALES 
LIQUID LEVEL GAUGES, RECORDERS AND CONTROLLERS 


BUILDERS*= PROVIDENCE 
Ament 
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ADVERTISEMENTS. 


ie , § What hydrant can be repaired by one man 
ON in only 30 minutes after collision damage? 


ANSWER {THE KENNEDY SAFETOP HYDRANT 


Complete interchange- 
ability of all parts of 
each size lowers main- 
tenance expense. 


Easily extended for raise 
in street grade . . . with- 
out excavation or service 
interruption. 


Extra large heavy stand- 
pipe cuts friction loss ... 
withstands ordinary 
impacts. 


THE 


KENNEDY 


VALVES + PIPE FITTINGS + 


No flooding when broken 
... protects property. No 
need to shut off water 
during repair. 


Scientific design of en- 
trance elbow, without 
projections or pockets, 
decreases pressure drop. 


Write for Bulletin 62 


FIRE HYDRANT: 


OFFICE-WAREHOUSES IN NEW YORK, CHICAGO, SAN FRANCISCO + SALES REPRESENTATIVES IN PRINCIPAL CITIES 
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ADVERTISEMENTS. 


DE LAVAL 


CENTRIFUGAL WATER WORKS PUMPS 


Town of Clinton, Mass., Water Works 


A recent installation of a modern heavy duty De Laval water works pump 
designed for 1500 G.P.M., against 232 feet net head with 65 feet positive head 
on the suction. Special sleeve construction is employed because of the high 
positive suction pressure. 


This new unit replaces an old De Laval pump that was retired after more than 
25 years of satisfactory service because of increased water demand. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 


80 Federal Street Phone LiBerty 5993-5994 Boston, Mass. 
New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 
TRENTON, NEW JERSEY 
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Ingot or 


Whether the caulking job calls for ingots for cast lead joints or 

lead wool for cold caulking, the primary requirement in either 

case is lead of high purity. PRODUCTS— 
Don’t take chances with inferior caulking lead which may have LEAD PIPE 
been manufactured from scrap material containing a large per- SOLDER 
centage of impurities. 

When present in a caulked joint, impurities on the surface will WHITE LEAD 
corrode and cause weak spots. The stresses due to normal pipe RED LEAD 
movement concentrate at these areas and failure results. 

Our lead, both in ingot and wool form, is made from selected 

metals and carries the Lead Industries Association Seal of Ap- 

proval as a guarantee of its quality. 


NATIONAL LEAD COMPANY 


OF MASSACHUSETTS 
800 Albany Street Boston 6, Massachusetts 


THE HEFFERNAN PRESS 


PRINTERS 
and 
PUBLISHERS 


150 Fremont Street 


Worcester, Massachusetts 
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See Fou 
THIS 
RINGSTYLE 
VALVE AND 
COUPLING 


CUT Installation Time! 


Any water works man can see in a flash how 
Ford Ringstyle valves and couplings save pipe- 
fittings and installation time. 


The meter nut is attached to the valve and 
the coupling by Ford’s ingenious Ringstyle 
construction .... «a sturdy bronze pin 
is driven through the nut and forms 
a ring behind the flange. 


These fittings are described in our 
new catalog No. 50—it is FREE. 


THE FORD METER BOX COMPANY, INC. iz 


FOR BETTER WATER SERVICES 


Wabash, Indiana 
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Tue HAYS ‘“Duo-Stop” is a com- 
bination corporation stop and saddle 
which makes it unnecessary to buy cor- 
poration stops and service clamps or 
saddles separately. It is designed to in- 
stall on 2 inch mains, either cast iron or 
steel ... requires no tapping of the main 
and can be installed without interruption 
of service. It can be supplied with outlet 
for iron pipe, copper service, or various 


types of thread. 


Hays Manufacturing Company is one 
of the largest making a complete line of 
water service products, and throughout 
eighty years the name HAYS has been 

* a guarantee of quality. Every HAYS fit- 
ting is precision machined, specially 
lubricated for enduring operation, and 

HAYS Main Drilling Machine hydrostatically tested at 200 pounds or 

for installing HAYS “Duo- more. All corporation stops can be in- 


plete catalog of water serv- 
ice products. chine equipment. 


“COPPER BRASS LEAD IRON 
WATER WORKS PRODUCTS 
HAYS MANUFACTURING CO., ERIE, PA. , 
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— PRODUCTS 


That's Why So Many Municipal Water Plants 
Specify 


CENTRIFUGAL PUMPS 


Rugged in construction .. . with design stresses 
low for smooth, trouble-free operation ... MORRIS 
CENTRIFUGAL PUMPS run quietly and unin- 
terruptedly over long periods of continuous opera- 
tion. Sustained high efficiency—the result of cor- 
rectly related impeller and casing designs plus 
Morris’ quality construction—keeps power con- 
sumption down. Service and repair costs per million 
gallons are held to a few cents. Daily experience 
over a period of years confirms the wisdom of select- 
ing MORRIS equipment. 


Consult our engineers now regarding 
your particulor needs. There's a MORRIS 
pump for every job, and more than three- 
quarters of a century of pump-building 
“know how” behind every MORRIS pump. 


MORRIS MACHINE WORKS, Baldwinsville, N. Y. 
Starkweather Engineering Co. 
264 Walnut St. Newtonville, Mass. 


“CENTRIFUGAL PUMPS 
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Valves and Hydrants 


Distinctive Features of the EDDY Valves 


C= three parts are moved by the Stem—the 
ball and the two gates. Each gate is hung 
from one of the trunnions on the ball. A convex 
surface at the base of each trunnion fits a concave 
surface on the back of the gate. This allows the 
gates to adjust themselves properly to their seats. 

. The gates, being free to revolve on the 
trunnions, do not always seat in the same position. 
Gates are center bearing and adjustable. They 
are forced to their seats with equal pressure at all 
points. There are two hooks on the ball on sizes 
4-inch and larger, which loosely engage with the 
gates. 


Distinctive Features of Our New Swivel 
Top Hydrants 


HIS new hydrant has all the advantages of the 

popular EDDY fire hydrant, plus several addi- 
tional features. - Nozzles are in a_ short 
flanged section of the standpipe, which may be un- 
bolted and turned to different positions. . 
Should the standpipe be broken, only the cast 
ing below the swivel head need be replaced. 


- «+ To raise the hydrant to conform to a 


having a steamer nozzle. 


WATERFORD 


new grading, simply insert a flanged extension 
piece below the swivelhead. No digging. To 
add a steamer nozzle at any time, it is only 
necessary to replace the swivel head with one 


Besides valves and hydrants to meet the most 
exacting demands of waterworks service, the 
complete EDDY Line includes: 
sewage disposal works; valves for steam, gas 
and oil; check valves, foot valves, plug valves, 
shear gates, indicator posts, etc. EDDY valves 
are made in three classes: Iron Body Bronze 
Mounted, All Bronze, and All Iron Valves. 


valves for 


Eddy Valve Co. 


NEW YORK 


— | be 
| 
| 
| 
| 
Ir 
| 


ADVERTISEMENTS. 


niall 


Two Birds with One Stone... 
AT LITTLE ROCK 


In the Little Rock Water System, organic growths reduced the capacity 
of a large reinforced concrete supply line by twenty percent. 

According to L. A. Jackson, Manager, and W. A. Mayhan, Chemist, in 
a joint report appearing in Water & Sewage Works, the Break-Point Process 
when applied to this line greatly reduced organic growths and gave better 
results than any other method tried in a three-year test period. 

Reduction of organic growths was not the only benefit however. Ac- 
cording to the report ““*** Aside from destroying the organic growth in the 
transmission line, ‘break-point’ chlorination has proved of value to us in 
other ways. Since beginning this treatment, taste and odor flare ups have 
been practically nonexistent. We are assured a sterile water throughout the 
entire plant and lactose-fermenting organisms in the plant are a thing of 
the past.***” 

This experience at Little Rock is representative of the 
multiple protection that you can obtain with the Break-Point 
Process. For complete details on other Break-Point benefits 
such as longer filter runs and iron and manganese removal, see 
your nearest W&T Representative. 


WALLACE & TIERNAN 


COMPANY, INC. 


CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
5-27 NEWARK 1, NEW JERSEY * REPRESENTED IN PRINCIPAL CITIES 
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EDSON 
PUMPS and ACCESSORIES 
POWER and HAND 
Edson Diaphragms 
Depco Centrifugals 
Edson Special Hose 


Edson Strainers, Foot 
Valves and Couplings 


Pipe Locators - Thawers 


THE EDSON CORPORATION 
49 D STREET, SOUTH BOSTON, MASSACHUSETTS 
Telephone SOuth Boston 8-3041 


| Warren Foundry & Pipe Corp. 


Warren Pipe Co. of Mass., Inc. 


SALES OFFICES 


11 BROADWAY, NEW YORK 
75 FEDERAL STREET, BOSTON, MASS. 


Manufacturers of 


CAST IRON PIPE 


Flanged Pipe Flexible Joint Pipe 
Bell and Spigot Pipe 
Special Castings Short Body B. & S. Specials 


Warren (W) Spun Centrifugally Cast Iron Pipe 


WORKS: PHILLIPSBURG, N. J. and EVERETT, MASS. 
Large Stock Enables Us to Make Prompt Shipments 
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Get Full Service From Old Mains 


The most practical way to meet today’s overload 
demand is to clean clogged water mains. FLEXIBLE 
Underground Pipe Cleaning Co., specializes in such 
jobs— any size—2” to 72”. 


RAY BAHR 


41 GREENWAY, HAMDEN, CONNECTICUT 


New England 
Representative 


Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 
FOR 
Water, Steam, Gas and Culverts 
Special Flanged and Bell and Spigot Castings 
Lyncast Iron Chemical Castings 


Office: 6 Beacon Street, Boston Warehouse and Yard: East Cambridge, Mass. 


UTILITIES SUPPLY CORPORATION 


Distributors of Water Works Supplies and 
Materials for Mains and Services 


Revere Copper Tubing, Type K Construction Tools: Shovels, Cold 
Hays Brass Goods and Cutters, Lanterns, Picks, Sledges. 


Erie Service Boxes Jointing Materials: Twisted or 
Buffalo Gate and Service Boxes Braided Jute, Runners, Pots, 


Cast Iron Fittings—AWWA or Ladles, Hydro Rings, Pig Lead 
Short Pattern and Lead Wool. 


Mineralead Jointing Compounds Furnaces: Complete Hauck Line. 


Office and Warehouse 
425 Riverside Avenue 
MEDFORD, MASSACHUSETTS 
My 8-9023 
My 8-9024 
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i879 —-ROSS— 1879 


AUTOMATIC VALVES 


Controls elevation 


of water A self contained 
tank unit, with 
and controls 
reservoirs three or more 
automatic 
ALTITUDE VALVE 
1. Single Acting 
2. Double Acting 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
desired discharge 


Maintains 
in safe operating 
rate of flow pressures 
for 
conduits, 
distribution and 


REDUCING VALVE 
Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


SURGE-RELIEF VALVE 


Maintains 
levels in tank, 
reservoir 
or basin Electric 
remote control— 
1. As direct solenoid or 
acting motor 
be 
2. Pilot oper- 
ated and with furnished 
float traveling 
between two 
stops, for upper 
ont lower REMOTE CONTROL VALVE 


of water eleva- 


—_ Adapted for use as primary or second- 


ary control on any of the hydraulically 
controlled or operated valves. 


FLOAT VALVE 


ROSS VALVE MFG. CO., INC. Box 592 TROY, N. Y. 
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ADVERTISEMENTS. 


RED HED Curb Stops and Corporations are 
made with hand ground plugs lapped to the 
bodies. This method of manufacture insures 
consistently easy turning, freedom from 


failure and costly replacements. 


Many users of RED HED Brass Goods can 
verify these statements. RED HED Brass 


Goods are less costly because they are better. 


RED HED MFG. CO. 


Manufacturers of 


RED HED Brass Goods for Water Works 
368 Congress Street Boston 10, Mass. 
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Ozonated water is both good to look at and good to taste. 
Communities where unpleasant taste, color and odor removal problems 
persist in drinking water are giving increasing attention to 
Welsbach Ozonators as the answer. 

Welsbach—a name long noted for sound engineering —has been 
identified with America’s largest Ozone installations for the 
purification of municipal water supply. The recent record-breaking 
installation at Philadelphia forms the basis for an informative and 
interesting booklet whose reading may be of assistance to you. 

It will be sent you gladly on your request—without obligation to 
you, of course. Write for “Philadelphia Finds the Answer” today. 


Address: Municipal Water Systems Research Dept. 


THE WELSBACH CORPORATION 
OZONE PROCESSES DIVISION 
1500 Walnut Street Philadelphia 2, Pa. 
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IN JOINTING BELL 
and SPIGOT MAIN 


costs around 25¢ a lb 
and, for a 2” joint on 8” pipe, 
you'll need about 13% Ibs. 


THE HEFFERNAN PRESS 


PRINTERS 


costs around 9¢ a lb. and, for that AND 
same joint, you'll need only 4 Ibs. 


Figure it out and you'll find you can save PUBLISHERS 
approximately 89% of your material costs by 
switching to Tegul-MINERALEAD. 


Add to this that Tegul-MINERALEAD needs 
no caulking, deep bell holes or skilled labor 

. and gives lastingly tight joints with ample 
flexibility and super-resistance to thermal and 
mechanical shock . . . and you'll agree that 
Tegul-MINERALEAD is a SUPERIOR COM- 
POUND FROM EVERY ANGLE. Write for . 150 FREMONT STREET 
more information. 


THE ATLAS MINERAL PRODUCTS 


_ COMPANY OF PENNA | 
MERTZTOWN * PENNSYLVANIA 


WORCESTER, MASSACHUSETTS 


Attention Mr. Water Works Superintendent ! |! 
CEMENT LINED SERVICE PIPE:— 


Resists Corrosion 
Has proven practical for nearly three-quarters of a century 


Immediate dclivery can be made to waterworks on 
both wrought iron and steel, black or galvanized. 


“SPECIFY EUREKA PIPE" 


EUREKA PIPE COMPANY, Inc. 


Manufacturers of CENTRIFUGAL CEMENT LINED PIPE and 
LEAD AND TIN LINED FITTINGS 
591-593 WASHINGTON ST. TEL. 3-9550 LYNN, MAss. 
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IN OPENING, THE THICK (A) SIDE 
OF THE STEM NUT LIFTS THE 
GATE ON ONE SIDE FIRST, 
MECHANICALLY BREAKING 
SEAL 


GATE VALVES 
4 


GATE ON SHORT SIDE (8) OF 
WEDGE IS PULLED FIRST, LOOSENS 
EASILY. IN CLOSING, LONG SIDE 
(C) OF WEDGE CAUSES POW- 
ERFUL SEATING FORCE ON 
THAT SIDE.. 


The principles of the long Wedge for greater seating 
power and the short Wedge for easier unseating apply 
to RenSSelaer Valves in sizes 10” and larger. But in 
ALL sizes of these famous Valves, ONE gate is AL- 
WAYS lifted FIRST, mechanically releasing the 
wedges, so opening is positive. Wedging action does 


not seat gates until they are in “fully closed” position, 
so sliding frictional wear is minimized. 


But ease of operation is only one feature of RenSSelaer 
Valves. SOLID BRONZE is used liberally throughout 
— in stems, stem nuts, wedges, seat and gate rings, 
glands and stuffing box nuts. Castings are high tensile 
strength corrosion-resistant iron. INTERCHANGE- 
ABILITY of parts insures low 
maintenance cost. Thousands in 
perfect service for over 65 years. 


pe yg + Field Representatives are at your 

1 to bring you the —. of RenSSelaer 

experience Valves AND Hydrants. Their 

service puts you under no obligation. Call Above cross-section shows 2-sided 

our nearest office. wedge on valves 10” ond larger 
LEADERSHIP FOR OVER 65 YEARS VALVES AND 


HYDRANTS 

IN STOCK 

CHICAGO 


KANSAS CITY 


Gote Valves © Square Bottom Valves © Tapping Valves and Sleeves oe 
Hydrants @ Check Valves ® Air Release Valves 


RENSSELAER VALVE COMPANY »* TROY, N. Y. 


Division of Neptune Meter Company 
Atlanta, Bala-Cynwyd, Pa., Chicago, Denver, Haverhill, Mass., Hornell, N. Y., 
Kansas City, Los Angeles, Memphis, Oklahoma City, Pittsburgh, Seattle, Waco. 
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SERVICE e e e with a monkey wrench! 


To inspect or service a Ludlow Slide Gate Hydrant 
al en you’ll need a wrench — that’s all. Just take off the 
: - top of the hydrant and lift out the stem, without 
| . unscrewing anything below ground. The entire mecha- 
; , nism, including the gate, bronze wedge nut and drip 
assembly is attached to the stem. 


LUDLOW FIRE HYDRANTS 


Shown here is the distinctive Ludlow List No. 90, now 
serving in thousands of cities and towns. It employs 
the famous Ludlow Slide Gate principle, and (in addi- 
tion to easy servicing) offers the following advantages: 


: | perenne @ Quick Water with least possible shock and 

pressure loss. Proper shut-off without water 

Rolled Everdur 

_Serew Stem @ Proper Drainage, automatically, at lowest 
point when closed. 


@ No Flooding. Wedge-locked when closed. 
Accidental breaking will not cause flood. 
Hydrant head breaks at ground line — is 
easily replaced without excavation. 


The parallel seated, double wedge type slide gate valve, 
developed and perfected by Ludlow, provides a number 
of essential benefits. 


@ Smooth, Positive Operation. Gates positioned 
directly opposite ports before wedging, and 
entirely unwedged before being raised. 

@ Positive Closure. Even after years of service in 
the open position; flexible-action gates self- 
adjusting to seats. 

@ Simplicity! Only 2 parts in the wedging mecha- 

nism! These are extra heavy with ample reserve 


strength and wear resistance for years of con- 
stant service. 


Made in sizes from 2” to 72”, N.R.S. and OS.&Y. with 
all types of connections. 


VALVE 


| 

| 

LUDLOW AWWA DOUBLE DISC GATE VALVES ; 

() 
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STILL IN SERVICE 


We are stating a fact and you don’t have to take our 
word for it. We refer you to one of the most important 
fact-finding jobs ever undertaken by the water works 
industry — the recently completed survey of the service 
life of water works facilities. This survey was sponsored 
by three water works associations. 


The survey shows that 96% of all the cast iron water 
mains ever laid by 25 representative cities in sizes 6-inch 
and larger are still in service. 


A detailed report of the survey has recently been pub- 
lished by the American Water Works Association. We 
have reprinted, by permission, the facts pertaining to cast 
iron water mains in a brochure which will be sent on 
request. Write to Cast Iron Pipe Research Association, 
Thomas F. Wolfe, Engineer, 122 South Michigan Ave., 


Chicago 3, Il. 


Pease 


(CAST TRON PIPE 
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xxxiii 
a 


ADVERTISEMENTS. 


HEN the first gas range, with its 
promise of a cool _ kitchen, 
was exhibited at the Philadelphia 
Centennial Exposition in 1876, little 
did its sponsor dream of a market of 
21,000,000 homes. For that is the 
extraordinary number of residential 
customers now served by gas for cook- 
ing, refrigeration, or home heating. 
Water supply and sanitation also 
made extraordinary progress in the 
half-century since 1899, the year our 
Company was established. Today, 


To those responsible tor the great progress in 
water supply, gas and sanitation service and 
their contribution to better health and living over 
the past fifty years, America pays tribute. 


12,000 water works furnish 85 million 
people with a dependable supply of 
safe, palatable water. Over 6,000 sewage 
treatment plants contribute to the 
health of the nation. 

In these three progressive branches 
of public service—gas, water supply 
and sanitation — are customers who 
have been buying pipe from us for 50 
years. They know that we, also, have 
made signal progress, from decade to 
decade, in developing and perfecting 
better methods for the production of 
better pipe. 


CAST IRON | Makers for 50 years of cast iron pipe 


) 
1899-1949 
| | U.S. Pipe & Foundry Co. 
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The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
gether with reports of the discussions. Many of the contributions are from 
writers of the highest standing in their profession. It affords a convenient 
medium for the interchange of information and experience between the 
members, who are so widely separated as to find frequent meetings an im- 
possibility. Its success has more than met the expectation of its projectors; 
there is a large and increasing demand for its issues, and every addition to its 
subscription list is a material aid in extending its field of usefulness. 

All members of the Association receive the JouRNAL for three dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


‘THE attention of parties dealing in goods used by Water Departments is 
called to the JouRNAL or THE New ENcLAND Water Works AssocIATION 
as an advertising medium. 


Its subscribers include the principal Water Works ENGINEERS AND Con- 
TRACTORS in the United States. The paid circulation is 1000 copies. 


Being filled with original matter of the greatest interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to REACH BUYERS than by any other 
means. 


The JournaL is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


ADVERTISING RATES 


One Issue Four Issues 


Size of page, 442 x 7% net. 
A sample copy will be sent on application. 
For further information, address the Advertising Agent, 


Mrs. Atice R. MELROSE, 
204 TrEMONT BUILDING, 
Boston 8, MASSACHUSETTS 
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COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 
charges. 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 


Girard Trust Company Building — Philadelphia, Penna. 


LBS. 


BADITE 
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